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> / ' , «■ Cognition 

» Cognition: A Functional View ■ 



^ When psychological theories employ theoretical terms like memory , * 
representation , . and structure , they often' do, so because the descriptions and 
'explanations of psychologically interesting phenomena that result are at a 
sufficiently abstract level to be informative ^d intelligible. As a first 
Step in theory construction the use of theoretical terms at a level close to 
fcfte phenomenological level *' of description is a very helpful/ and probably " 
indispensable strategy. "However,, there are good reasons to suppose* that one 
should— strive to* eventually account for the phenomena of interest in terms X of 
more concrete constructs*. ■ 

One reason* for attempting to employ concrete constructs in psychological 

• " • \ * ; 

explanations is that it helps to clarify tfi^ distinction between artificial 

intelligence (AI) and 'cognitive psychology as heing more than simply 

.methodological variants on one another. AI is concerned with chatacterizing 

cqgnition and, intelligence in abstracto ; its goal is *a "machine-independent" 

/ ■ '* . , " - • - 

specification ,of the cognitive software. Theories irt cognitive psychology 

have to be more constrained. They need to take * into account not only the 

constraints imposed by people'; behavior, but- -also the sort of 'constraints 

likely to be imposed by the biological, hardware, since it is these that give 

• • • • • 

cognation its , uniquely human quality.. In fact, Eliashberg (1981), by 

examining the properties-of hypothV.t-ical machines^ has shown that ". . V . the 

popular thesis that the problenjjf of the algorithms performed by fhe brain 

. . . has but little to do with- the problem of brain hardware" is inadequate. 

I V 



<0 



\ * / \ = r * Cognition 



Furthermore, .support £ot -this contention can* be found in other domains'- A 
striking example is provided v *by the recent advances (e.g. Berlin & Kay, 1959; 
Kay & McDaniel, 1978) in understanding the relationship between the perception 

* , > * • * , * 

of color and the meaning of color terms in different languages. It now seems ' 

* * * 
that, "all the Jjasic color categories of the ianguages of the world are based — 

6n . .. six fundamental neural response categories, whose structures are 

determined, by the firing patterns of , . . cells in the visual pathway" (Kay,- 

1981, »p. 64); Thus, only, after taking accodnt of the physiology, of color 

perception did it become possible - to give a coherent explanation of the . 

• principles governing ,'th^ way JUuj^ch people in different cultures speaking*, 
different languages talk about the world of color." - " . • ^ 

Another more important reason for attempting- to explain " cognition" in ^ 

.terms' of relatively concrete constructs has to -d^with the ontological status 
of the "theoretical term! employed. . Terms like memor y and 
knowledge-representation are highly complex abstractions, and it is "'not, at. all 
clear to what they refer' In Al this is not a problem because the functional 
characteristics of \ the 7 hardware in which these abstract conceptions are 
instantiated are, sufficiently, well^inderstood. lWeyer, *when we . turn -our 
attention to people the indeterminate 'reference of -theoretical terms can^give 
r ise to ambig uity, Vagueness, and misleading implications. tm<? ro | n t can be 
illustrated by considering the long-term memory raetap, >r: We talk about mental 

* — 

representations being stored in memory* These representations are " searched 
for and retriev ed:. It is easy to, see howJif taken literally,- such ideas can 
lead to the conclusion that people's ..hea^s are populated with a huge number of 
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. '• ^ ; .V-f,- w r Vo "... ' . ' . .4- '. 

• • - • " • " • • •• ' ';• . ■ ; 

structures ^prrespbndlng to 'everything we know. ...This,- 
.in turn, .leads . f;q au ? sttonf about ,the organization pf memory: what kind of 
search nechanisms Operate .on what Kind of global structure* r.o^perrait efficient, 
■access to. encoded representations? ; Psychologists .have from time .to time 
objected to _the ^eavy Jtheorefiicai burden imposed upon such terms (e.g. 



Bartlett, 1932; Bransfo'rd, tycCarrell, Franks* & Nitsch, 1977; Jenkins, 1977; 
Calmer, 1978; Pyly^ynT~T.973). Given the merits of the arguments, these 

' . ~ ** ; ' . . * / ■ * s 

objections have .had disproportionately little influence, perhaps" because of- 
the absence of^ an alternative set of more concrete concepts in' terms of which, 
^a 'coherent View of human cognition, might be achieved* * 

\ 0 " It is our contention that more attention needs to be " t deyoted to thi 
functional characteristics of the physical Systems that exhibit the phenomena 
/of .interest. In fact,, we believe that ideally the goal of. cognitive 
I psychologj^>ught to be the specification-nrf~tfra*e^«ie^^ 
; nervous system that^make cognition possible. Such:^ functional account might 
show how mental properties are emergent prbpertie^of biological functioning. 
It would eschew the wholesale, use of^complex const^cts of unclear referential 
status . until they have themselves been characterized in terms~morfe closely 
tied to the biological hardware. 



Whereas it is easy- to assume that the patterning a&pfiC^S of cognition *r» 

based ^ on long-term knowledge structures' (sc^|raata, % frames, .scripts^ etc.) 

"stored" in memory—an approach "that we shall henceforth refer • to as the 

• , • . ** * + 

"structural" approach— the alternative /approach "need malce nc such assumption. 
^ It' can treat cognition as a fynctio'nar phenomenon involvirtg,- not' permanently 
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^stored knowledge! structures /but Wly transient patterns created directly by 
/.the functioning of the biological hardware. This ; st>r.t of ^approach c&n already 
' be found • in James " (1890), t and in Bartlett (1932) who was concerned with "a 
study of the conditions of organic* and mental functions, "rat*her.jthan . . ". an 
; analysis ' x>f .mental structures" (p. 304). It is also widespread in modern- 
psychobiolo'gy. » - 

. The structural view deals with the dynamic aspects of cognition, in terms 
of parches 1 for and changes, to permanentl^stored knowledge structures. But,, 
. ^ ^ since we question the need to postulate such structures, we try to avoid this.- 
way #>f dealing with, the dynamic aspects of . cognition: There may not be any 
permanent cognitive structures to "find or change. If cognition is "regarded as 
a functional phenomenon, the 'solution tb the static-dynamic problem resolves 
itself in the specification of the functioning system; Such a description 

\ will naturally, although indirectly, lead " to a characterization 'of mental 

'•> • '.*-... 

~ products* A -direct desctipt±on-wii3^be unnecessary^ Cognitive patterns can 

be , viewed, as transient phenomena and meaning can be "'conceptualized as a 
'•• * * . /.' jj| • 

momentary ... pattern" (Bransford, Nitsch, & Franks, 1977,. p. 45). In* 

•short, along with Bartlett, Bransford. and his colleagues, and Minsky ...(1980),.- 

we argue that people'do not function by selecting templates, rattier they 

function by creating and recre ating transient cognitive patterns. 

The view we are proposing is base^ upbn one elementary construct at the 

level of biological hardware in Verms of which, another more, abstract, mental, 
' * . • * » • - » .... 

/ construct is characterized. The biological construct is that of a physically 

unitary and functionally autonomous element , which we will refer ^to, perhaps 
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. . • • , .6 

too. loosely, as" a neuronal element. The mental ' construct is that of % the* 
* schema-pf^the -m'oment ,' which is defined in terms of the functional properties 
of neuronal elements. We use .the term schema- of -the-moment for two. main 
reasons* First, as we will argue throughout this paper, ft is in'terms of 
this "functioning mass of the moment," as BartlettT (1932) and Head (1920) 
called it, that* all cognitive activity (including perception, affection, 
learnings etfc.) takes place. . Second, the schema- of-the-moraent is assumed to 
be the onl> structural cognitive pattern in existence in a given individual at 

a particular tide — everything else is neuroanatoraic. 9 

, • . - - . \ y 

> Over the years > a great deal of empirical data has^ be.en % gathered 
suppdrting various aspects of the structural approach. The functional view is 
.less fortunate in this respect. However, it mUst be emphasized ^ that the major 
functional assumption that starkly contrasts the structural and the functional 

* . t ; » ' ■ * / 

perspectives is unequivocally supported by neurophysiologies evidence and is 
shared by all current neuroscientific theories (e.g., Anderson, Silve'/stein, 
Ritz, & Jones, 1977; Arbib, 1980; Edelman, 1978; John, 1*967, 1972; Kachalsky, 
Rowland, & Blumenthal, 1974'; Sperry, 1976; Uttal, 1978). This assumption is 
that cognition is ,a transient phenomenon created by_ the functioning <£f 



distribute^ components of the nervous system. The following quotation from 
Ut tal (1978) illustrates the point: ' ' 

The major conclusion of this book (as well as what I believe will be the 
major guiding theme of psychobiology in die century to come) is that the 
essential neural aspects of mental function are to be found in the' 

; / « 

, organization of the networks into which either individual neurons ,or 
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' 1 " •* : : -Jr .' • ' . 7 * 

macroscopic brain nuclei are arranged. It "is in the momentary states of 

' .activity within these networks that the .true equivalents of mental 

processes %re/to be fduni. (P. 683)' « ^ * 

* / - V . *. • • • ' *' ' - 

Although one might think 'that compatibility of psychological theories 

with what is known -about the human nervous system is aft obvious minimal 
requirement, such compatibility ^is frequently conspicuously absent. For 
example, Schmitt (1978) complains/ . 

i. *• . * * * 

Many theories o.f Higher -brain function (learning, memory, perception. 

* • •* * ; ; ;? . < ■ . 

self-awareness, consciousness) have be^n proposed; but in general they 
lack cogency with' respect tot, "established anatomical and physiological 

facts arid are without biophysical and biochemical, plausibility: / (pvl) - 
* * • v c >"-/ 

Again Gallistel (1980). JLn discussing a psychological model of the .control of. 

limb movement' (Adams, 1977) claimST that modern neurobiological work on the 
mechanisms of coordination render the theory untenable.* The message" is 'clear 

J* * . * * V 

enOU8h5 psychol ?8 l8 t8 need to attend more closely to, neurobiological research . 
... " > ' , v j " 

The problem as ft relates to psychological. research, .therefore, does- hot 

seem t0 : be - the l\ a b s „ e nce of biologically J>^<?sible^heories. Such theories 



exist in the work of Arbih (e»g. , 1980),. Freeman 



(e.g., 1975), John (e.g.;, 



-Joh a, 1 9 72 ? J ofar-fir SulwatU, 1 9 78); •mstVf O l- (i978)> "Ra ther, in some sqbfcle 
way,, the problem seems "to relate to the deep-seat<*dness of the , influence of 
the structural paradigm in : cognitive psychology. The structural bias, we 
believe, has drawn attention away from existing neuroscientific theories that 
are in essence functional. For instance, Jenkins (1981), noted that structural 



O ■ 



.^sypholo^^eqfaentXy xites tttUjam James', .treatment of habit- forraation' ,ind V 
ignores tiis. "true functionalisnu" ' •* •. .♦-'>•-'* 

A .special, characteristic oif.our account is that it attempts to bridge the . 
conqeptual^^p th^t ; results from the' absence of a common language between 
cognitive psybholcgjr and neurophysiology. This, gap capnot be filled by merely: 
translating structural psychological concepts into neurological concepts . 
, groups, pf neurons process tfie Input information and pass* it on to ' the*. 

nex 5„ .group) " or- 7 yice' vfersa (e.g., neuronal centers represent psychological 

" " V. " \ • I * *• • J< \ ' 

units),. A truly functional cognitive psychology is. needed in "the style of ' 

the brain" (seel Arbib, 71980) and .it must (be consistent with findings in 

neurosciences." Sucli^ a ;functional~ approach must Jprovide # the concepts and the j 

language . that would relate; two. pienomenal ] domains: The domain i>f the / \ 

functional properties of the neuronal system and the domain "of mental and*. 

behavioral structures (Maturana, 1978X. .* "* * 



•* The first s£ctioriof this paper discusses important aspects, of the ;/ 
schema-of^the-moraent !and compares it*, with the notion of schema current in ' 
cognitive psychology. In the latter part of this section, .we wiil .present an 
overview *of< the neuroscientific research' directly bearing on the problem. The 
second^ect:ton\dis^ and ^ the development^ pf the _schema-of- 

the-moment in term? of ^ the functional properties , of* -neuronal elements. . 

Specific and nonspecific relations and functions underlying the creation and 

development of ^ the . schema-of-the-moment are also discussed in this section* 
Finally, brief accounts of comprehension,- remembering and learning, awar<»ness/ 
and affect are presented;; in an attempt to illustrate hr different 
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psychological; phenomena can be treated In term of a unified account of mental 

*- •- 

functioning.* 




"~~ The Schema-of-the-Moment : Some Preliminary Issues 
- In* order to distinguish tHe notion of a schema, as a transient functional 
organization from the concept of a schema as a stored mental template,* we will 
us6 the term schema -of -the-moment instead o"f schema . The present section will 
describe, important ^asfects. of this central, concept: What is a schema-of-the- 
moment? -'^ust how is it different from, more standard. notions of a schema? How 
is schematic functioning different from information pWessing? 



The Schema-of- the -Moment and the ^input-Output Metaphor 

A basic, tenet of the functional view W ! that the. dynamic aspect of mental 
• * * i \ ' " 

functiohing.^is not,' an information processing system in any lateral sense. The 

i * V ' * • x 

neuronal system creates and recreates -^knowledge," whid £s a transient 

epiphenomenon and lasts only whi^e the underlying neuronal elements are 

functioning. There v are no preVffckctiori»l. , (pre-activation) psychological 

entities or relations. Cognition begins with initiation 6f functioning, and 

\ * * ' 

mental relations are established only 'af,ter such initiation (i.e., post- 

functionally).' \ * \, O 1 

It is our, aim to /demonstration tfiis^ paper that "recreation" is a better 

»» , 

-«ay — to cnnrf»nhiaH7 p hrnin f-incrlioiiing Mian "p T -nno« fq f n E ' 



Recreation eliminates the need for the bfain to have to deal with the 

diff£cW problems of ^analysis, synthesis, storage, and organization of 

knowledge. . It allows the' neuronal systeii' to conform structurally to 

\ » * * : ■ 



n , A 
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heuroanatpmic organizational constraints rather than to the organizational 
constraints imposed by abstract knowledge Structures. \ • ■' " 



Conceiving or 'cognition m termif of "creation"' eliminates the* need tor 
f » ' ' 1 . (" < 

the input-transformation-butput metaphor which dominates current psychological, 

i' • • <. < . ' : ' " . • V . 

- thinking—the same~type^f^Tidustrlai"plan£,;metaphor which haunted' Galenian 

physiology <^ee* Miller, 497%). 1 An analogy based on th functioning of the 

endocrine' glandular system may serve x to clarify the contrast between \ 

\.\ % \ ' 

recreation and input-output transformation. \jhere fs a group of cells located 
\. «•* ; • - ■ . \ r • » 

in the cortical part of the d'drenal glands. These cell's, when activated, 

• - -- -- -\ .. , • , \. N 

produce < hormone cabled Cortisol. The^ells J th'emselyes get activated by 

" . ' \ • \ \ • • 

* another hormone, called ACTH (adrenocorticotropic t hormone) released . in the 
v" . " % * 

anterior part of the pituitary gland. The ^irucial point is that there is 

absolutely »o input-transfotmation-output relationship be'tween the\ stimulator 

• . • 4 ' * « . ' * • 

• I , * 

ACTH and ,the produced* -Cortisol, i Adrenal cortical cells, orfce activated. 

"I * 7 * , 

create the cprtisol through, 'for t example, biochemical- operations based on 

. . . * ^ ' ' ' 

substances other than those contained 'in ACTH. It is this dissociation " 

. 1 y % • V . • • ; 

between the itiput and the output that renders any systsm-independent AGTH-p- 

Cortisol transformation rules, or any precise forma l description of the " 

- v- , » • . \ " ' * i 

product based on them, inappropriate. ^Similarly /^euronal 'mechanisms 'active • 

at a given time combine functionally to create a transient cognitive system- * 

» v — — - _ „ * ^ « * * \ 

Sucfr adynamic functional- organization is input-independent- in.. _th.e . 'sense— 

•*«*..'- \ *' 

described above-~that there exists an inherent .dissociation, between "the 

characteristics o£ .the external stimulation and functional properties of the 

- ■ > J 

neuronal system. Neither is there any %tructtv:al isomorphism between external 
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• *ff ■ 1 V, ,,8,* '-• ',. ' , . ? . 

rt^v;.,^^*; :> \\ , .. ; - r-. v .*,?.>,-, , , \ 

/ 3* , ; sHmaXatiott pattern a#d $reat<*d mental structures. there is no invariant , 

$L *. ^ l?P^ c $IMblie ; /$timu3is pr input pattern f eo correspond to the \ constantly 

/ k ,\ * y ey^lbping scfiema-o^the-jnorae^, ' Tliere is Always a 'great deal tao^e going on * 

. ; ^ an ^ an be ^, jaccciunted for jusft by ^,.the ; contributions .of „„the external ' 

*r ' stiijulatlon^ ; or/input? FugctSi^rmore^ contributions of external stimulation are * 



?y always st Jrordiriate^to- the functioning of organisraic mechanisms- 



; ^Functtdn 



yeVsus" Structure 



e es^entiai ^.characteristic of the sch?maTof-the-iaoment is that it is an 



* un^teble /fuactional, pattern. ,Xt3 

* . fount A Itl* Ao Hen^ horo f-tio fitri/- 



structure is analogous to ^ that of a 

* * 

fountain. As used here, the word functional means "in action" and contrasts 

" * - • \ k - y ... - : ,r i 

Hith che ,term at, rest . The tferm, function differs from the word process ' (see 



6* ** 



Iran-Nejad, 1980). * The latter; requires an object, something to get processed, 

* * % i ' * * \ 

while ,the former does not.' Function t must also be - differentiated from 

operation (e.g., addition as 4 ini A<+ B » Cj as used by Pi^get. The verb 

function is.* an agent-specifife , term r "Biological function . . . implies the 

• - * ' / * ■ - * *" Vi' { : . • . * * \ — - . 

existence of a system'* (Pi^et.,' 1971/ Pv . 54). It 'means that where there is 
funftion, or perhaps dysfunction or maifjinction, one would\ necessarily expect 

v < ♦ ' ' ;u * - ; ■ ~ \ 

an ^agent-system (e«g v a neuron) that would ^o the functioning. Conversely, 
6peyations are agent-independent* and cari exist in the world M "abstractions. 

They are processes per se. They pla* e emphasis on actidhs rather than on the 

* , " * " " - * . . - " ' , ^ \ • ' 

^system(s) which makes bho^e actions possible. 2 , Function must also be 

differentiated from transfornati^ as used in structural psychology, which is 

essentially 'synonymous with operation even tlioagh some transformations might 



be 'readily translated ihto organismi^\ function's !( v e.g., activation or 
inhibition)^ , . \. 
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■ X ♦ '- .>\< • . < • .\ ■ 

\From the functronaJLjperspective, a specific group o£ neuronal elements in 

action creates -'a unique Systfera, an actual. instance of .an indefinitely large 

■ •" ' • '" t, f * ' ' ' > • • I v ." 

numbar'&f possible patterns.^Xh^s.^s not ' simp"ly saying \ that there is a 

specific * neurbanatomic structure (consisting of elements and neural 

• * • '> • /' \ • 

connections) which functions to create the functional pattern as has been 
suggested, ..fo^ example, by Feldman *. (1979) v In fact, four view *is hot a 
connectionist one : at all. Theoretically, in order for two or more neuronal 

j ' » ' /* ' . "' i" • 

.elements to joi$ functionally, it is not even necessary, that they be 'related 

L • ' j As K " < ' ' •* ' ' '* 

through specific neuro^arfatomie connections, although normally they will be. 

V • - \ \ \ \. 

All that is necessary for a functional pattern to form is that a group of 

1 \ '****/ - \ ' 

elements be in action simultaneously.. How £hd' when \ach . element began its 

* / \ • 

activity or whether it did so independently pr in relation with other elements 

in pie pattern is \beside the point. ' Consider" another analogy. • Imagine ;a 

constellation fof lightbulbs each having a uni ie color: When asubset of them 



is on, a "unique pattern is generated. It does not matter when each individual 1 

light, went; on or whether it did' so independently of other lightbulbs. The 

' • \ • ' „ ', i « \ '•- '<}''■ 

lightbulbs need not be physically connected.- Thk characteristics " of r the 

pattern are determined by the participating elements , and not ,by the history of 
their participation.' In sum,' while in a structural, pattern, it is the long- 
term "relations among elements that counts" (Piaget, 1970, p. 9)., for a- 
functionajL pattern "what counts is the elements '. themselves— their 
characteristics, hdw they function, * and ] how they 'functionally combine to 
produce, an internally consistent system. 
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Post-Functional Mental Relations and Pra -Func tional Brain Connections * 1 

Once the notion of long-term cognitive associations is disavowed, the 

question arises as to tive ? relation between the neuroanatoWc organization and 

the cognitive organizatloni In particular* it becomes necessary to consider 
: \ * T ^ \\ * . • 

the extent to which, if, any, there is structural conformity between the two 

systems- Minsky (1980) draws attention to the problem of specifying . this 

-interrelationship and refers to it as the "crossbar" problem. According to 

• I c - * " • ' - 

Minsky, "this problem confronts every brain theory that tries to explain how 

♦ *^ • 

the mind is capable of any great range of ^associations'" (p. 124). 

In theory, there are at least three solutions. The first possibility is 
to, postulate a particular (pre-existing or, rather, < pre-functionai) 
neuroanatoraic-pattern, partial or complete, corresponding" to every cognitive 
paEEernu ^Tfils Essentially amounts to mapping the strucfi^l^ebgni^ 
fnto an ispmprphic^nBur^^ — Strict isomorphism* is. -often 
attributed to Gestalt structuralists. Their position is summarized in the 
following quotation from Uttal (1978): ; 

• The Gestalt mode of description- of mental activities has much to offer to 
those interested in global pattern effects and the action of aggregates 
and may be a more meaningful approach to psychobiological processes than 
the Atomistic approach proposed by many alternative psychological 
theories. /However, when the Gestalt psychologists .proposed 



neuroph>siological theories of perception, they turned to simplistic 



/ 



models, that had considerably less to offer than did their descriptive 
statements. Their main psychobiological premise was isomorphism-, the 

• /' * - r.- J 
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. ~s " - . * 1 

/ 

. . idea that spacial neuroelectric patterns' in the Stain -Were geometrically 
identical to corresponding mental states. The only concession (and for 

_ isomorphism any concession may in fact be irretrievably', damaging) that 
the strict - isomorphists would make on this issue was that the neural 
representation, might be topological, i.e., that the geometrical^ 
relationships'* between the jiarts might not be congruent to the perception 

. although the general arrangement must still be maintained, (pp. 24-25) 

While isomorphism is no longer tenable in the face *of 'current 
psychophysiological evidence, "the '"propensity to glorify apparently isomorphic 



data (even though it may be illusory) is ubiquitous in modern psychobiology" 
(Uttal, 1978, p. 360). Isomorphism, is also implicit in those structural 
psychological theories (e.g\^ .Feldmah, 1979) that, attempt to translate 
directly, structural constructs to neural terms and try to identify the "links" 
between concept? with neural connections." - ' 

The second possibility is that the neuronal network is analogous to some 
sort of sophisticated telephone network. By allowing directional hard-wir'ed 
routes between elements, -the nervous system would somehow generate two-unit or 

multi-unit (transient) communication patterns. A telephone network is 

I \ " ' ' . • < / ' 

directional because the initiating unit must know the "address" (see Norman, 

1980) of the target unit<s). Directional connectionist models .imply /"that 

'remembering' , requires the discharge of those particular - cells / which 

constitute the new line, and those of the cells to which the line isNilrected" 

(John, 1972). John (e.g., 1967, 1972, John & Schwartz-, 1978) has discussed 

.the" connectionist models and has concluded that they are suspect "on /'logical, 
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psychophysiological and neurophysiological grounds." For instance, John' and 
his ^ associates (see Thatcher & John 1977) reviewed numerous 
electrophysiological' studies. All the evidence demonstrates that responses to 
the most elementary stimuli (e.g., a flash of Mght or- a click) ai^e made by 
cells anatomically 'distributed throughout the brain and that a given cell • 
participates in k many functional patterns. In order to accommodate this and 
similar data proponents -of the connectionist view have used "the . term 
'connection' in a functional sense, cautiously defining it in terras of * 
relationships while explicitly disclaiming any literal connotaion of . a new. 
anatomical junction." fioweve*. "more recently, new responses have commonly 
heen assumed to depend upon the establishment? or facilitation of a new pathway 
(or pathways) of synaptic, connections between inp"ut~and output .. . " (John, 
1972, p. 850). * ' 

'Thus, according to the connectionist models, if mental relations are 

variable and plastic - so must synaptic connections be. However, the large 

conceptual gap between synaptic plasticity (defined in terms • of synaptic 

weights, strengths, facilitation levels, etc.) and mental plasticity renders 

synaptic connectionism implausible, at least *for the time being: 
* * 
Although synaptic plasticity has been the object of Research attention, 

for many years, the synaptic effects studies* without exception, are 

proposed as analogs of only the /Simpler forms of learning, such 1 as 

classical conditioning, , rafh^r than of cognitive learning. This is an - 

importanV.constraint, for the^ synaptic hypothesis must transcend an 

* t enormous conceptual gap. at this point to be linked to more complex mental 
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processes. ... i n the absence of a specifically understood link 
between cellular plasticity and learning, the .generalization* of synaptic 
hypothesis must depend upon the logical assertion that any concept no, 
matter how complicated, ( can be represented by a sufficiently large number 
of elemental and discrete processes. This assertion is a major theorem 

> 

of modern mathematics, but in the brain it still represents a statement 

of faith that in some fundamental way* runs counter to the current 

\ * * 

rejection of the idea of concatenated conditioned reflexes in atoms of 

learning. % That a serious dilemma is thus generated is obvious. That 

there^ are, yet, no resolutions ' to this, dilemma is also undeniable. 

(UttalX 1978), p, 540-541) ' * . 

The fact that neuronal elements are capable of interacting with other 

distant,, neuronal elements suggests that there must exfst within the nervous 

system some sprt of a relational medium to make 'such interaction-at-a-distance* 

possible, independently of isomorphic synaptic conriections. The third . 

• , f \* 

possibility; therefore, and the one we £ind mos t plausible, is that in 

addition to a directional medium, the/neuronal Network also constitutes an 

alL-spreading nondirectional relational medium. Such a medium . would allow 

(within amplitude, etc. ^ constraints) nondireccional conductance of electrical 

or chemical energy in addition to directional element-to-eleraent impactions. 

In a totally norfdirectlonal network everything can, potentially, reach 

everything else and nothing is aimed at anything directly. Thus, the 

initiating unit does not need to know the address °of the tarfet unit. Rather, 

target units are, specialized to get activated in response to (or "to 
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recognize") the functioning of the initiating unit and to remain indifferent 
to- the functioning of any other. Particularly relevant » examples of 
specialized systems functioning in a- nondirectional environment are the" 
auditory and visual systems of animals. While both of these mechanisms 



function in the same environment— filled with sound and light waves— the ears 
respond to sound .waves (but are deaf to light waves while the eyes perceive 
light waves but are blind to sound waves. One can. imagine that the same 
principle, holds throughout the neural network. Thus,, it is possible"that 
neuronal elements are uniquely specialized to -respond to some particular 
functional patterns while remaining indifferent to oL ers. \ 

' * " A 

Clearly, a non-directional model is by necessity localizationist; but it\ 
' * v ■ • ' , . 

is also consistent with the global approach developed by John and his 

i% . » / • • ' . * 

colleagues. It is, localizationist because it must assume the .existence t of 
neuronal elements that ar^e physically unitary, functionally autonomous, and 
uniquely specialized.' It ijt consistent with John's anti-localization bias and 
his global . approach because, having rejected, as John does, both "geometric" 
and "relational"; isomorphism, we can x no longer assume that . single, cells (or 
any other unitary local - elements) represent "meaningful" (complex, molar, 
etc.) mental pat terns 1 such as features, concepts, or p&rcepts. 

v\A neuronal element must J>e physically unitary because it must be an 
infernally coherent neurological system," rather than only a nerve fragment or 
a molecule, it must be functionally autonomous in Wder to participate- in ^an 
ind ^S ite " Um ^ r ° f functi <> nal combinations.. -Wd it must be uniquely 
splciailzed in order- to be able. to preserve its own.Identity while functioning* 
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in consqnance yith other active' elements-of the moment and in order to so 
selectively, in the presence of some particular global electrical and/or 
chemical pattern arid not in the presence of any other, -While John and his 
colleagues have criticized current localizatjLonis': models, they have also 
emphasized * that any solution to the problem of {the interface between the mind 
and the brain must come from some compromise between localization* and 
antilocalization concepts: » 



Localization of function within any area of the brain must be evaluated 

with great caution, even when apparent physiological- correlates of 

«< t 

function have^been demonstrated .in as great detail as has been the case 
with the elegant studies of "feature extractor" cells of the visual 
cortex. It should go without saying, but we will nonthtless state for 
the record, that similar caution must.be exercised with respect to v our 
own arguments in this Volume against localization. - We . voice t a strong 
yarning against overenthusiastic ■ proponents of either' position, 



I 

localizltionist or antilocalization, who ignore or shrug off the 
contradictions. It is precisely from the reconciliation of the apparent 
contradictions that we* stand to learn.most about how the brain processes 



1, 

information. (Thatcher & John, 1977; p. 211-) 



. \The evidence gathered by Hubel and Wiesel (1959, 1962, 1965) and others 
clearly demonstrates that the -brain is not a homogeneous mass/ as once„was 

\ ' — * - ' * 

thought. .HoweVer, as Jdhn and his colleagues have argued, this does not mean 
that siWle cells represent complex mental structures. 
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We have hypothesized an all-spreading medium in order to clarify, at 
least conceptually', the,, problem of interaction-at-a-distance. An, all- 
spreading environment, however, does not "'mean that electrical or ' chemical 

' - • ' • • ..•/.; 

conductance takes place in a vacuum, even though", some sort of extracellular 

propagation may play an important role /{see Nicholson, 1979). Neither should 

/ • • . 

this mean nonspecificity or imprecision m in t;he pattern of -actual neural 

, . ■■ i 

connections. The, neural network as a whole may serve, as a common network. 

••./'■*/ • . ' 

The two * types/ of physical relational vehicles (directionaf and non- 

/ . " . 7 j ■* 

directional)^may »be illustrated by an analogy to the^ functioning of exocrine 
and endcfcrine glandular systems. Exocrine glands (e.g., the salivary glands) 
release their products into specific ducts which direct them to,, target organs. 

* / . 

These would' correspond, to/ directional element-to-eleraent (neuroanatomic) 
connections. Endocrine glands," on the other hand, secrete their products into 

•the extracellular flui</ surrounding capillaries; thus, the hormones they 

/- - * V 

produce enter the blood' circulation system, which is itself an ail-spreading 

environment. This would correspond to any all-spreading relational role 



played by the neural network. > * 

'As an example of how functional relations'can be established via a common 
nondirectional ^medium, as opposed^to specific and direct anatomic connections, 
consider -the functional relation between the pituitary and the adrenal glands 
referred %6 earlier. The ACTH "released, a in Jhe anterior pi tuitiary^ gland, 
located oh the "lower surface' of the brain, serves to stimulate (activate) 
cortical adrenal cells located above the kidneys. It is conceivable, in 
principle; that a direct point-to-point duct could have been physically 
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j : available to carry ACTH from the pituitary to the adrenal glands. However, if 
/ . a tujjfi,were to be available from every endocrine gland to its target organ, 

r • ' j ' 

I organisms would become monstrously complex. Instead, ACTH enters the blood 

/' * f 

circulation, system. This, of course, takes the' hormone to. other irrelevant 

organs as well (hence, all-spreading ahd nondirectional) , but it is also sure 

to -reach the adrenal cells which are specialized to get activated by it, 

4 i • 

% because these, cells like everything", else are connected,* to-^the blood 
circulation network. % 

The possibility that »the^*nervous system is alsoi in part, an all- 

* spreading environment analogous to the blood/ circulation system cannot be 
v ruled out* As early" as the 1920T S> Paul Weiss concluded based on existing 

evidence that "the central nervous system" aftd the non-nervous periphery- 
entertain their mutual correspondence by uean£ of some, sort of" sending- 
receiying mechanism, specifip for each individual muscle." According to this 
view, the central nervous system is" "endowed, with the capicity for discharging" 

• as many different modes or forms of impulses as there are different Muscles in 
the limb." There is a specific impulse foxf every muscle .receptor. . Every 
muscle preceptor, on the other hand, "would possess the power to' respond 
selectively" to its proper impulse. Consequently, if "the central impulses', 



for yrf limb muscle were * circularized in the whole limb" the mechanism of,' 



selectivity of function "would ensure that every call be answered by th' 

. :- ' ' '** . ~ ' .,\ ' ' • If 

correct muscle, even though the latter may have bSen displaced, re-innervate'd 
by strange nerves, and prevented from sending informative messages bade to tLe 
centers" (Weiss, 1936, pp. 511-512). Weiss's resonance principle is no longer 
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generally accepted by developmental neuroscientists. But we believe his ideas 

concerning indiscriminate synaptic connectivity*, successfully challenged by 

Sperry and his associates, (see Attardi & Sperfy, 1960, 1963; Meyer & *Sperry, 
\ . • 

197^), must be distinguished from his suggestive eleraent-implulse specificity 

h/pothesis, wKich has yet to be directly tested. ■ " 

V 

An all— spreading functional environment <would imply that a giyen 
functional pattern could stimulate. relevant neuronal elements elsewhere in the^ 
nervous system regardless of its' place of -origin in the neural network and 
regardless off any. pre-established blueprints. There are definite 'indications, 
that this may be" the case. Consider a letter recognition (identification) 
task. Images ordinarily begin on the retina and presumably stimulate 
corresponding centers or elements somewhere in the brain. It is conceivable 
that .specific "image-to-center; connections as, well as long-term graphemic 
patterns could mediate' recognition/ However*, recognition need not depend^ on 
specific 'connections or oh * pre-existing long-term patterns. Blindfolded 
subjects are capable of correctly identifying., letters Yf inger-written"_on 
their skin. White,' Saunders, £cadden, ,Bach-Y-Rita, . and Collins (1970) used a. 
visual" substitution" apparatus which converted optical 'images into tactile 
displays which blind or blindfolded subjects were able to "see with* their 

W3S " Sh ° Wn th3t " sub J ects are " ab l e to perceive certain simple 
displays . . . almostr as~sobr a 3 sr they have been„irftroduced" (p. 23) and that 
With minimal amounts of training th^y are able "to identify familiar objects' 
and to describe* their arrangement in depth" (p. 25). 



Cognition 
22 

/ 

The hypothesis of afunctional communication between distinctively 

- specialized neuronal elements also finds support 'in the evidenc/ that » 

establishment of functional relations is possible even after specialized cells 
• * z • 

are surgically removed from' their original site and regrown at a different 
part of the body. If a piece oi[ skin is removed from the belly region of a 
salamander and planted on its back and if, af t^regeneration, this skin, now 
on the bacic, £s stimulated, the animal proceeds to scratch its belly, the 
original siCe. ^uch seemingly maladaptive responses, extensively studied by 
Sperry and other's, s are often discussed in the light of the nature/nurture" 

issue- (see, e.g./ Rose, 1976). However, more basic than whether something is 

* « 
.innate or acquired is the problem of how it works.* One may simply assume that 

regeneration only connects the pre-specialized skin receptor cells to all-* 

I * ' 

spreading neural network. There . is no need for "the establishment of! 

I 

particular nerve fibers to wind their path, through some mysterious innate 
guiding mechanism,' all the way to the related central cells.' Once specialized 
receptor cell' are merely connected to the neural network (or perhaps to the 
particular brain region) , they can activate the individual < target cells 
through generation of uniqUe energy patterns. The energy patterns', generated 
by the central cells *an, in turn, activate the muscles involved in the 

, scratching of the bell/. Because the Jelly receptor cells function. in tha 
same unique fashion regardless of "where they are located arid because this 

, functioning is recogn:ized3y^the.-celate^Lcentral c^ls a/s "belly" stimulation, 
the animal responds maladaptively. /.Sperry . (^.g. , 1943) explained these, 
results "in .terms of reestablishment of specific anatomical associations 
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rather Chan in terns of specific nerve *energ« and resonance phenomena*" But 

; \ , % * 

he also .emphasized that "the* latt'er possibility is by. no means excluded" (p. 

47). In fact, it is still -not clear * that a resolution between Sperry's 

directional connect! onlsra and Weiss* element-impulse specificity model has yet 

. been achieved (see - Meyer & Sperry, 1976; Sperry, 1966; Wall, 1966; Weiss,- 

I • 
1-966). As Wall ^1966) argued, "the so-called specificity of neuropal function • 

may^ mean ttjat specificity of function can be attained without a 
s microscopic determination of the exact morphological structure of some parts 
of the nervous system** (p. 230). , „ \ \^ 

. Given the concept of an all-spreading' relational vehicl^ the most 
efficient tfay of relating the cognitive^ system and the neuronal syktgfe seems 
to be by assuming (a) that the former is comprised of transient functional 

relations and Xb) that pcst-functional patterns are ' independent of any X 

' .• ' * * * 

isomorphic pre-functional neufal' associations. Independence-' * of * post- 

' « I . • ' * " . 

functional (mental) * relations ( also resolves Minsky's crossbar, problem. As, 

Minsky (1980) put it "if the .mechanisms of thought can be divided *ntq - 
specialists that intercommunicate only aparsely, then the. crossbar problem may 
need no general soluti«L For then, most 'pairs of agents will have no -.real 
need to ;talk to one another; indeed, since they speak . . , different 
languages, they could not even understand each" other" -.(p. 125) ' And, s to 
\_L • continue" the metaphor, **if they can understand each other, they will do so*" 
regardless of where they are located* or whether they are connected directly so 
\ lo.wg as they can ."hear" "each.other (i.e.* so long as they are part of , the 
overall neural network). , • ■* 

I* z . v d * '_ — 
... - / . * 
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Creation^ and Development of the Schcma- of-the-Moment x 
This section attempts oo draw a coherent picture of how the scheraa-of- 
the-moraent 'is created based on ' the activity of 'functionally autonomous* 
neuronal elements." A i'ew assumptions are made concerning the functional 
propsrties^ ot physically unitary neuronal elements and abc&t; th& way they 
intaract^and it is shown how such assumptions may make it possible to give a 

coherent account of the creation and the space-time development of the 

' m 'J 

schema-of-the-moraent.- These assumptions, while speculative in detail, are 
generally supported by exiting neurophysiological evidence bearing on 
> localized and distributed functional properties of. the nervous system, 

V . * • 

Because of the emphasis on the coherence of the functional model, we vill not 

interrupt the discussion to substantiate every claim.' The interested, reader 

is encouraged "to consult the highly readable discussions of the relevant 

research by ^ubel and Wiesel (1980), Thatcher and John (1977), ,and by Uttal 

(1978). Hubel and WiCsel argued that "whatever any given region of the brain 

does, it does lpcally," . in terms of neurons specialized . to respond to highly 

specific stimulus * characteristics. Thatcher and John, on the other handf- 

discussed the developmental properties qf the. "dynamic global representational 

system." Among the properties considered were expansion (i.e., inclusion of 

► . ' * * I . 

. more brain structure), tuning (i".e., enhanced 'activity in those parts of the 
' •• i ' • » . -. , — ( 

•brain that ai;e most concerned with the performance of .the response), 

reorganization (l.e>. turning on of certain neuronal populations and turning \ 

. . ' " * ' \ I 

off of others), and coherence'" (i.e. 2 synchronous activity ojf distributed 

i * * • , * 

^neuronal populations). -Finally. '.Uttal discussed the microscopic 'and 
V ' ' - » . * « • / . . ' 

macroscopic physiological equivalents of. psychological \structuresl 
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■ Aite Pre -Extsfitig £ong-Terra t Patterns r Necessary ? 

As, we have said, current approaches to cognition and comprehension 
presuppose, the. existence* of .long-term underlying blueprints for cognitive 

- functioning tso take placed -For instance, it* is often, claimed that in 
comprehension ^various aspects ' oV the input are assimilated to preformed, 
schemata. Accordingly, in a particular^ situation, a suitable set of schemata 
£s found" to account for t^he input, data (e.g., Rumelhart & Or tony, . 197?) . It 
is 'thes^ instantiated schemata which .icons titute the interpretation of the 

input. . /. . X , ^ < 

* . -4 % " *~ . - * * *, . 

One motivation for hypothesizing long-term mental' structures is the fact 



that ideas seeta to come to mind/ (to be t recalled^etc*) together, or in 
relation to one another. , It is* then assumed that they sjjay together, in some 
cognitive warehouse, even when they are riot operative. Thus, the structural 
approach maintains that ideas are/ related before they become operative.. 
•Howeyer, from the ^ functional 'perspective, relations among -.ideas are 
established only after, tftey' become operative;, cognitive : patterns are thus' 
transient and unstable'. ' » ,' . ' 1 • 

The only requirement for two (or mote) elements to combine ' functionally 
is . that both be^in a, state of simultaneous functioning. " 'The light-, 
constellation analogy once again provides an illustration. 4 Two or more 
lightbulbs in<'thtf. constellation may 'have absolutely no connection wiih one 
anotherj_Vt^ pattern ' of 



>ight. They need . not go on in relation to one another or even at the- same 
time." It is the elements and not the structural 'connections among them, that 
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> count* In fact, ^ given (functional) pattern could result f roro, a long series 

of steps In which, some ligh ts wo uld go on, some would go off, and some - would 

gain in brightness while others become dimmer. *\,* ; 

The assumption of post-functional gelations -raises a new set of problems 
\ ■ > \ . • • »- ' 

about the nature of psychological patterns, and their formation. We now have 

to ask such'qtiestions as What 'air* the '^tfncttdnal properties ' of 'neuronal 

elements? What types functional relations exist between elements? How do 

neuronal elements initiate functioning? ^What is *t.he role of 'already, active 

'elements in the initiation of functioning of other elements? What is the role 

1 " 
of external stimulus patterns? And so" on. ' ■> 



Som e be f ini t iojas \ ' * *■ " 

In qrder to demonstrate how cognitive functioning is possible in terras of 
simultaneous activity of functionally independent neuronal elements, we must 
take a closer look at some key concepts. For the sake of clarity, we will 
continue to, use the light-constellation analogy., Let us suppose that our 
array of Ughtbulbs 'contains two broad categories of lightbulbs, namely, 
colored and uncolored ones. We will, call the colored bulbs "specialized 
elements." The uncolored bulbs we will call , "raw elements," implying that 
they can become specialised by getting painted a particular color. In thil 
array, each bulb can "perform" 1 a few feats always in the same unique fashion: 
it can go on or off, it can become brighter or dimmer, -and if it is not 
already r*lt can become specialized. Furthermore, combinations of specialized 
elements generate unique patterns of light. Similarly (and now we are out of 
the analogy), the neuronal network can be assumed to consist of a great number 




of e Af.^| nts » each of which can become specialized and each of which can get 
activated or inhibited. Each specialized element (a) produces a unique 
pattern of energy, (b) initiates functioning consistently in the presence of 
some uniqu^ pattern of internal 'or external energy, and (c) can generate, when 
functioning7\a unique feeling of awareness. So, a- specialized element is a 
» discrete, functionally independent unit with quite specific but very" limited 
properties. This assumption is consistent; with 'the view that "neurons, in the 
course of diffe^n.tiation and development and in . processing of information 
over the span or|' the organism's lifetime, develop unique identities: 
genetically and experientially determined individualities" (Schmitt, 1970, \ 



•p. 208) 
* 



Tvo or more simultaneously functioning neuronal elements may combine 
po'st-functionally to constitute a functional organization. We will refer to 
such a. group of elements as a constellation. Constellations differ from. I 
elements in several respects. Unlike elements, they cannot be considered 
specialized. This is because they contain autonomous elements which can 
participate in other constellations. Elements are assumed to be localized and 
physically unitary while, given the all-spreading environment, constellations 
can. ha ve elements scattered thr oughout the nervous system, Hhile i^uha,,^ 
elements possess specific functional properties ( that theoretically are . 
unambiguously traceable to some unitary physical entity— the element 
itself— constellations have^ nonspecific properties— properties which cannot be 
traced to" any unitary physical entity because they are different from those 

U » 

possessed by any one of the participating elements. 
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As we are- using it, the wo^d combine in the present context refers to trie 
establishment of transient functional relations among anatomically distributed 
neuronal elements. It also refers to the % merging of specific energy or 
awareness patterns resulting in novel nonspecific energy and awareness 
patterns. In the case of energy, pattern combinations can be conceptualized 
in terras of interference patterns. The existence of interference patterns in 
the functioning brain has been hypothesized by John Eccles and by Karl Pribram 
(see, e.g.,, Goleman, 1979). Similarly, the emergent and combinatorial nature 
of awareness has been hypothesized by Sperry (1969, 1976). Awareness is 
interpreted by Sperry "to be a^ dynamic emergent property of cerebral 
excitation. As such, conscious experience becomes, inseparably tied to the 
material brain process" (1969, p. 533). ' And, finally, with respect to the 
functioning of individual neuronal elements, combination may be conceived as 
"acting in concert." .Evidence gathered by John and Killara (1960) supports 
this notion. These authors found that as learning progressed, evoked 
potentials from wide areas of the brain became more similar. * 

It is now possible to see how cognitive functioning might -be determined 
and constrained solely by the functional properties ot independent neuronal 
elements without the need for postulating long-ffW structural relations— 



When a person hears, for instance, the word "cow," the unique pattern of 
external energy which reaches the ear activates not an isomorphic pre-existing 
structure but many functionally independent neuronal elements in the auditory 
cortex. These elements combine post-functionally into a unitary interacting 
constellation of neuronal elements and, consequently, a functional 
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organization. The. latter, having constituted a momentary independent pat tern , 
will, in turn, activate (or inhibit) other (perceptual, affective, etc.) 
~' autonomous* elements in various other sections of the brain. The totality of • 
•the jubt-activated constellation is a transient organization that constitutes 
the idea of a cow and, of course, a great deal more (or less) depending on the 
scheraa-of-the-moraent (i.e., depending on the functional state of the system 
when the word "cow" was heard) . 

Thus comprehension need neither draw upon nor result in the construction 
of permanent mental representations-VJut, now, if no long-term representation 
is preserved^ how are such things as recognition possible? One answer is that 
recognition need not -be explained in terras of the relations between -elements, 
as preservation of mental representations would imply. Recognition can' be 
explained ,;Ln terms of elements only ; It can occur to the extent that the 
scheraa-of,-the-m"oment contains the same functional elements that were involved 

■^in some previous schema-of-the-moment. 4 This -gives neuronal elements^ 
functional independence— freedom to participate in other functional patterns. 
It/ further, eliminates the need to claim (a) that the elements initiate 
functioning together, in relation to one another, or in the same original 

/ order, (b) tha t the mental pattern is preserved in the interim, and (c) that 
the underlying neuroariatoinic structure somehow uniquely corresponds to the 
generated cognitive pattern. 
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Types of -Functional Relations * . " 

i 

■ Directional and all-spreading relational vehicles and specialized 
neuronal elements provide the basis for specifying the different^types of 
functional gelations A that can exist among t neuronal elements. An important 
consequence of allowing an all-spreading relational medium is that it makes it 
possible to see how cognitive functioning, while being a direct result of \ 
neuronal activity, can also be considered somewhat independently of the actual 
neural fibers. Thus, it eliminates the need to trace, in theory or in 
practice, neuroanatomic connections. It draws the line tetween ^etiology as 
a science concerned with mental functioning and neuroanatomy as science J 
dealing with neural architecture. A basic problem In the ^psychological domain 
is, therefore, specification* of possible functional relations (as opposed to 
neuroanatomic connections) among neuronal elements: , , 

Relevant co this problem is the system_j3f relations • postulated 'by 
Festinger (1957). Three types of relations are assumed to exist among 
cognitions (cognitive units): consonance, dissonance, and irrelevance; 

<t t . , .-. 

According to Festinger, cognitions X and Y are consonant if one follows from 
the other. When x two cognitions have nothing to do with each other, the 
relation "is irrelevance. And; finally, "two. elements are' in 'a dissonant . 



relation, if considering these two alone, the' obverse of one element would 
follow from the 5 other" (p. 13). 
> Festinger's system of basic relations may be v readUy ^anslated into 
functional terras. In fact, the notion of dissonance an inconsistent 
relation between two cognitions is only meaningful if ip Is conceived as 9 
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functional ^relation. This. is because no* contradiction should arise when not-Y 
does actually follow from X. As the expression follow from suggests, the, 

« 4 " v • 

latter is a consonant relation. Contradiction should arise if the' relation 
between not-Y and ,X is consonant and if,, in some particular situation, X and Y 
compete for. activation/ 

A functional definition of dissonance would also eliminate a potential 
^misinterpretation of- FestingerV definition/ Aronson (1968), for instance, 
States that "dissonance is a negative drive state which .occurs ^whenever an 
individual simultaneously .holds two cognitions . . . which are psychologically' 
inconsistent". (pp. 5-6). But simultaneously "holding" inconsistent beliefs 
— jieed — .not necessarily give rise to dissonance (i.e., to experiencing* 
contradiction or a negative drive state). An ^ividual may truly believe 
that smoking is, hazardous/ but this does not necessarily mean that every time 
a cigarette is lit dissonance and/or^npleasantness is experienced. Based on 
the functional assumption, Iwo or more elements give rise to 'dissonance only 
if they are Competing for simultaneous m functioning. In other words., 
disson^nfce is a post-functional phenomenon. 

< How can Fes tinger-s system* of relations* be translated into long-term 
characteristics of neuronal elements? The basic property of neuronal elements . 
is specialization" inis concept directly impl ies consonance ari S " irrelevanc y — 
and indirectly implies dissonance.. 

Consider three elements, A, B, and C. Suppose that ' element A is 
specialized to generate a unique energy pattern, E(A). * Element B is 
specialized to get activated in the presence of E(A). This means that there 
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is an A-to-B consonant functional relationship. E(A) is a 'sufficient 
condition for activation of B. On the other hand, specialization of elements 
other than B could be such th«fcrthe presence of E (A) would have no- effect on 
them. This would mean /aa A-to-NOl^B irrelevant functional relationship* 
Similarly, a C-to-B activation-inhibition consonant relationship would imply a ' 
C-to-NON-B irrelevant functional relation: E(C) would constitute a sufficient 
condition for* inhibition of B and no other element • 

Now suppose that A and. C are active' at the same time, E(A) will tend to 
activate S while E(C) will' tend to inhibit it, Such*dissonance will bring 
about an unstable state of dissolution : it will tend to break the A-to-B 
activation-activation relationship ~ and/ or the C-to-B activation-inhibition 
relationship. Resolution can be achieve^ if E(A), E(C), or' both are, 
eliminated. 

In theory, there can be at least three types of consonance. , In the first 
type, activation of A always" leads to activation of B. We will refer to this 
as logical consonance. In f the second type, A does, not necessarily activate B. 
For instance, E(A) would activate B only if B vis not already in a state of 
inhibition. If B were in a state of inhibition, then E(A) would activate' C, 
as an alternative to B. We will refer to this type of consonance as pragmatic 
-C onsonancp (af. Brpu^r, 1Q77). , \ 



In logical and in pragmatic consonance, one element generates the 
condition s for the. initiation and/or maintenance of functioning in another 



element. In the third type of consonance, while initiation cannot take place 
merely as a consequence of the functioning of the first element, the elements 
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can combine once each of there is independently activated* This type of 
consonance may be referred to as pure consonance.. 

With respect to initiation of functioning^ therefore, logical consonance 
can be referred to* as single-source dependent consonance, while both pragmatic 
and pijre consonance are multiple-source dependent. This means that, in the 
latter cases, activation of the second element must depend on sources of 
initiation other than the fii*Gt element. If this analysis is' correct, it 
means _t f hat if A'is related to several alternatives it does not make very much 
sense to characterize' the situation by assigning probabilities to the 
alternatives. Doing so ^ould, in effect, mean- trying to explain the 
relational set in terms'Of the characteristics of A alone or in terras, of some 
long-term relations' (e.g., strength of association). In functional terms,, A 
does aii it can do by behaving always in the same fashion. While in . logical 
consonance, this is a sufficient condition for the activation of B, in 
pragmatic and "pure consonance, it is not. Contributions of otjjer sources than 
the first element are also necessary for initiation of functioning in the 
second element. Assignment , of probabilities makes the least sense with 
respect to pure consonance, because while this type of consonance" seems to 
play a central role especially in novel situations, the probability of the 
first element activating the second is theoretical-ly a*ro. 

The concept of multiple-source dependence is consistent with the way 

organisraic nervous systems are.designed to interact with the environment. It 

' / 

seems as though, in order for the nervous system to function the way it does, 
nature has found it profitable to relate organisms to the world through more 
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than one sense organ, each serving as an independent source^ of functional- 

\ " - ■ • 'I: • 

initiation. • » - . /;' 



* Mu^ttple-source dependence inevitably results, at some t/ime or other, in 
disaonance. In general terms, dissonance can be defined as^an unstable^state 

" ' . ' ^ -, ■ - . j{ ' - 

of functioning in which elements will lead to behave in tfte opposite direfciion 
from their consonant functioning under th& influence of independent initiation 
sources, For instance, under conflicting stimulation fro^ different "sources, 
an A-to-B activation-activation consonant relation becomes dissonant if B 
tends to undergo infijUbitipn. 'However, conflicting situations, would, simply not 
arise in a single-source functional system. 5 " 



While it is presumably at the level of neuronal elements that functional 

it * . * l • 

relations operate, one may' speak of the same /relations holding ara<\ig 

"«.«.■/. . . . * ;/ \ 

constellations. Two or more constellations may be sjaid to relate by pure, 
logical, or pragmatic consonance to form more cc/mplex patterns^ It must be 
emphasized, however, ' that constellations do #ot relate through direct 

* „ . - 6 ■ • 

constellation-to-constellation relations. Rather combining takes place at the 
level of individual elements. To illustrate how this miglit work, let tis go 
back to • the concept* of interference patterns. Imagine throwing- a handful 'of 
pebbles into a pond. Each individual pebble. plays' its role as a specific 
independent element in the creation of the nonspecific overall pattern. Now 



imagine throwing two or more handfuls at adjacent spots. While, .once ,again ; , 
the separate wave patterns merge to constitute a^tfore global, combination, it_ 
is stift at the level of individual pebbles that the nature of the interaction 
is determined. Similarly, the, totality of all the functioning neuronal 
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constellations forms a nonspecific unitary pattern; but it is the /'functioning* 
£ he >utonomous individual* elements which determines the interaction* 
The concept^ of consonance, dissonance, and Irrelevance clarify % how 
functioning neuronal elements might _ interact. It also becomes more evident 
•that-..the development pf the schema-of-the-moraent is not "a straightforward 
combination of . functioning elements. Rather, since the "complexity of 
'schematic' formation means that many pbjects, many stimuli, many reactions, 

* i • 

get- organized simultaneously into different 'schemes,' . . . they tend to set 

,into activity various' crosses t reams of organized influences" (Bartlett, 1932, 

p. 302), many of which may be, in antagonistic (dissonant ) T relations. 

• • -. - • *. . ' . 

"Endogenous qnd Exogenous Sources»of Functional Initiation 

'. ? « — : 

The terms endogenous and exogenous have * two connotations. A static 
i ■ • :• . ' ■ 

connotation, meaning internal and external, and a dynamifc connotation, me?ning 

"outward" and "inward" from an internal or an external origin {source or 

cause), respectively. We intend to imply both* of trhese connotations. 

The schema~of-the~moment is the combined totality of the already-active 

relevant neuronal elements. This constellation of elements may be referred to 

as the endogenous constellation. It is endogenous to the unitary organization - 

(and experience) of the moment. However,, what is already occurring in the 



schema-or-the-moment will,, of course, be affected by what happens to elements 
which are not yet , active.. For instance, when a neuronal element gets 
activated, it may relate, not directly~amrimmediately to endogenous elements, 
but- to other elements outside the schema-of-the-moment,. i.e., other non-active 
elements or other active elements which^are (by themselves) irrelevant to the 
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endogenous organization. Consequently, a local exogenous constellation is 
formed, exogenous, that is, with respect to the schema-of-the-moment.. ;Such* -an] 
exogenous constellation may or may not combine with, the schema-'of-the*moment- 
and must be distinguished from i£. , An important exogenous constellation " is 
the just-activated constellation— one whose elements have* just, started, 
functioning.' ■ , - ..- " 

What causes initiation of functioning in inactive elements? The 
assumption tntfe pre-functional blue prints 6 do not exist, and the complementary 
* claim that mental relations are. established only post-functionaliy, raises a 
_*25*SL P* oblem? How do neuronal elements come to^be„ in a state of functioning 
to begin with? The answer to this question must be sought," not in some pre- 
functional arrangement of elements in* a mental store, but in the fact, that the 
neuronal system is a multiple-source dependent system with respect to 
functional initiation. First,, there are endogenous sources. A.large number 
of neuronal elements in the schema-of-the-moment ate always in .a functional 
state (at least during 1 waking" hours); they are specialized to maintain a 

particular functional rhytlta or cycle. The element constellations creating 

, | ' . . — . . - 

the concept of self, of time, and of space are examples. Secondly, there is 

bight be called the combinatorial source*. As elements combine, they set 

j ** * ■ ~ 



what 



the Stage for the Initiation of functioning in'other PWnt-.T fchgmigh-.emergtmtr 
logical and pragmatic functional relations. And finally, there are the most 
important exogenous sources— those external energy patterns which constantly 
influence the neuronal system through several independent sense organs. 
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\ * ? * * Some Traditional Problems Reconsidered - & 

| This section discusses, in an intentionally perfunctory fashion, *how thet 

, functional view causds a rdqonceptualization of such traditional problems 

A ' '^V^'v. V- ' ' ■ / ' ' ■ ■ " ^ . ' % 

^comprehension, remembering and learning > awareness, and affect. Its .aim is 

only to ^ffer -an- impressionistic account by way of illustrating how\thes<£ 

issues can be approached in tertns'of a unified, global account of cognition^ 

Comprehension \ * \ '• t ' - 

" / ? * .V* ? . - v * . ' " . 7 \ \ 

. 'Given the Endogenous, emergent (combinatorial), and exogenous sources of' 

>; • t / - . ■ ;t • \ ■ ; . • : s ^ *. 

^initiation and cpntbipation, What happens .during comprehension is readily 
specifiable. Cpmprehension will prosper to the extent that these sources play/ 
their indispensable role and will suffer to the, degree that they do not. In 
1 language comprehension, for instance, there are at least two independent 

external \ sources off initiation (auditory and visual), in reading comprehension 
there, is one (visual)* 

In the absence of a relevant schema-of-the-moiaent, comprehension remains 
- highly, impoverrshed or does not take place at all. In other words,^ 
comprehension w v ill suffer to the extent that t.he schema-of-thermoraent and 'the 
just-activated constellation dp not contain'mutually-refevant elements, luis* 
jre&ms co.oe the case, for example, when a reader goes through the motions of 



reading , but is preoccupied with something else; there, is no interaction 
betWeenJendogenous arid exogenous* functioning. • Presumably,^" while textual 
Stimuli ; do activate^ sensory neuronal elements, the resulting irrelevarir just- ~ 
activated constellations sooner or later drop out of activation since they 
fail to establish .post-functional relations with the schema-of-t he-moment. 
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^ / ' 'This, claim.* is. similar "to, but | noV the same as,' the -one implied by 
>\- traditional*' theories i ;o f comprehension. It *is similar insofar as it Jinds 
support in the' research- motivated, by ' the influence of top-down hieh-leVel 

' *\ X i •* » 1 . ' . * * 

patterns orf" Comprehension, \ It* is different, because it does not appeal to* 

y pre-fu'nctional delations; nor does it imply that comprehension tiakes place, in * 

✓ 4 * \ * ^ * **** " < ' ' ' 

\ some mental "Jpcatfton^ such as a short-tdrm memory bu£fer (e,g,/ Kintsch & van* 

' Mjk, 1978) or a message center (Rumelhart, .1977); tior xloes it have to 'face 

the schema-selection /and other related problems. Comprehension fails to the " * 

^extent that- active* neuronal elements consonant with the just-activated pattern , 

v * • : \ * - * * • 

are. not preset in the scheraa-of-the-moraent. * This can happen either because 

> such, elements are not present in £he nervous sysfem at - all/ or* , because *the 

; ' * ■ - • v / . 

current- endpgenous/ exogenous,* and emergent jsour-es *of initiation cannot • 
\ t activate 3 them. * ' , V ^ * 4 

f That local functional patterns. do, i^fafet, remain .merely momeptary to. * 

- ' -: ^ - -* - " ' v ' ' * * . 0 * * c • 

the Extent that, the scheraa-of-the-aoment and the just-activated constellation 



/ 



do^not contain muttially-relevajit >lements^is^ supported by the results of "an 
often-cited ^expesiment by .Hansford and^ Johnson ri972).\ Subjects read-well- 
, formed passages about, say, .doing the laundry. Ifowiver,- the passages were 
4 constructed in such a'way thdt it was dnpossible to figure ou^ what they were, 



4 V* v.\> wl " tho ^" being; tb^* Tho.e who\only*saw the passages fourid them 

difficult ^ understand:; tfnd showed poor recall. Recall was also almos't as 
- pqor for those, who were told that the'^assage was about "washing clothes" 
-T^.-rr^"-"r Sj- tff T ' the y :had - -finished' . Reading it*' However, subjects who were given^this 
; topic <( before reading? showed 'greatly facilitated coraprehensidn and* recall. 
->". '"• \" " * : l >. V 
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This experiment illustrates the essential vole .simultaneous functioning piays 
in the establishment of psychological relations. "Only when the scheraa-of-. 
, Che-moment contains ' relevant elementk, v can- post-fUnd'cional relations with 
<ae&ents activated by textual stimuli be established* Only then can emergent 
sources of" initiation Vork properly; 1 ; and only then can coherent mental 

* 'V ^ \ v 4 ; v 

patterns Result > novel ideas^emergeV and better comprehension take place* 

v X / * , \ r I >. - . ' * ! 

Different scaemata-of-the-moraent canllead to different interpretations of 

the, same te\t (e.g.,, Anderson, Reynolds'^Schallert, & Goetz, 1977; "Pichert & 
Anderson, 1977; SchallerC,, 19.76)*. This is because at any given instant durine 
comprehension, the schema-of-the-moraetft, combines with that portion of the 
just-activated pattern which is' relevant and "ignores" the irrelevant. ^ In 
ficherc and Anderson^ for instance, different groups of subjects were 
instructed to read the ( same passages while keeping in mind different 
perspectives. One ,.of the passages was about two boys playing hooky , from 
school who took a tour through the nouse of one of the 'boys. The' passage was 
read from the perspective of ,a ."burglar, a homebuyer, or% no 1 directed 
perspective. Unlike previous studies, vhich had reported;' high correlations 
among importance ratings by different groups of subjects reading the same 
passage, -the ^sentjitudj!^ of , u ' among the 

three groups. Importance ratings for a given perspective also correlated 

'-.*'« 

r 4 t 

higher with the recall from that .perspective than wifcjTthat of readers who had 

- * * x * * ■> j 

taken othei>pec8pectl<ve3. ' 

* ,~. " r ' fi ' * ' - * 

Kncwing the motive"v(having a 'relevant constellation activated) of the 
character of a story has also been* shown to affect its comprehension. In a 
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study l^Owens* Sower,' aftd Black reported in Bower (19.78), subjects read five 
neutral sequences representing five scripts: making a cup of coffee, visiting; 1 
a doctor, attending a' lecture, going grocery shopping, and attending a party. 
One * group 6f Subjects read oniy the event sequences. A second group read the 
event sequences preceded by a description of the motive of the person who 
carried out the 'events. \ Subjects who saw the motive description recalled more { 
scripts, remembered- more, of the propositions stated in 'the tex$, and taade' raore^ 
Inferences than those f who read the event sequences,, bnly. , * | ^ \ 

/Such experiments* are usually conducted! to demonstrate the effects of 
prior knowledge on .remembering and comprehension'. .What they actually show is : 
%hat context, perspective, afferf'fcive states, motives, or in ghort, the entire 
functional st^te of the ^momefit must be taken into account. Some theorists! 

(e.g., Bower, 1981) attempt* to" explain such findings in terms , of v associative 1 
* , , • < * f 

connections amon^ (tokens of) concepts stored in an associative /network. , 

K { 

Others, however, reject the theoretical underpinnings of such accounts as 
inadequate^ because _ they.- _ view them as being based on an incorrect, 
characterization of human memory. For example, Norman (1980) claims 'that; 
"associations among memory concepts . . . simply will not do!." Bartlett (1932) 
believes that such approaches are "responsible for very much unnecessary 
difficulty in psychological discussion, m and yet others have pointed out that 
such descriptions of stored products are fruitless (Bransford, McCarrell, 
Franks;. & Nitsch, 1977; Bransford, Ni tsch, •& Franks, 1977) . Associative 
theories also imply "geometric" or "relational^ isomorphism, and, to the; 
extent that they^ do so, they contradict the\ neurophysiological evidence 

\ 

\ 

\ . 
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discussed, earlier. We prefer to view such results as support for the notion, 
that comprehension, like remembering, is a constantly developing global 
activity. As Bartlett (1932) pointed, out, "the active settings [the 
*scheraata-of-the~moraent] ... are living and developing, are a complex 

expression of the life of the moment . .. .'\(p...2i4). Such an active mass of 

I 

the moment does not involve one, or two, or even several local schemata (see 
'Handler, 1981). There is no "countable'" mental entity. There ate no complex 
building, blocks (see Rumelhart, 1980). There is total continuity, not only 
with the immediate comprehension Context, but also in time, in space, and with 
personal history. Bransford et al. (1977) argued that past experiences set 
the stage for comprehension and perception. The stage-setting raetaphoi. was to 
capture this continuity/ They write: 

Consider some possible understood meanings or significances of a 
statement like "I'm going to drive to Minneapolis tonight." If the 
.speaker is in St. Paul, Minnesota, the statement is "not surprising. If 
the speaker is in California, one realizes that the person is i'n for a 
long drive. And if the speaker is in Europe, the. statement seems 
strange. Or. consider reading a newspaper heading like "Peace finally 
comes to, Europe." What is the significance of this statement?' If one is 
reading an old newspaper, it is a historical fact. If .one is reading 
today's paper, it is understood differently. And what is the 
significance of a phrase like "today's paper?" The understood 
significance of this utterance changes everyday, (pp. 436-437) 



In spite of this total continuity, i 
particular components of the schema 
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:t is often readily,- possible t^ single obt 

' / 'I 
a-of-the-moraent. However, .even at the time 

of focussing on a single "distant" component, the continuity^ is never lost./ A 

quick excursion to a remote chiLdhood experience dbes not destroy the 

experience of the moment. It seems chat it is always ihe past that "visits" 

the present (by getting recreate^ When the~ conditions are suitable) andjnot 

the present that searches for th/past. ' Transitions are almost always smpoth 

and continuous. x "f / j 

The structure of the/ ju«st-activated constellation and the way it 
interacts with the scheraa-of-the-moment is- also governed " by : analogous, 
plasticity. The schema-of-the-mbraent ,€oes not assimilate meanings or concepts 
in their intact holistic , form^/kather, by the very Mature of its uiique 
global functional properties, as ' well . as that of the properties of' its 
functioning constituents, it establishes post-functional relations with that 
portion of the just-activated constellation which "is most relevant to the 



needs of the moment." It is possible for one Individual element of the 

/ I 

activated constellatibn to get singled out, . if that Is the only el 



just- 



releVant to the scheraa-of-the-moment. This plasticity Is absolutely essential 

if one is to comprehend novel or metaphoric statements. In comprehension of a 

simile.', like' "A whaje is like a skyscraper," there is seldom any difficulty in 

/I * * 

singling -out the elements underlying "size.". We believe all this is- possible 



eraent 



because active neuronal elements relate through transient, hence readily 
changeable, functional relations. - , • i 
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The assumption that the constituents of the scheraa-ofrthe-moraent r* combine 
functionally, among, themselves or with those contained in the just-activated 
constellation, to create a unique global functional system with unique 
properties suggests that functional conditions and relations,^ the" scheraa- 



_af£^e^oment_.Ce..g..-,-— the- characteTi^tc^eneTgy^T^inleTf^ence patterns) 
constantly change and, consequently, that ' schema Constituents must change 
significance accordingly. "Emergent functional conditions set the stage for 
further new combinations, thus giving rise to new experiences (ideas, 

_ meanings,;etc.)- "Jfost; changes in the scheraa-of-the-moraent, do not result in 
disruption :of" its global properties. Rather, they are local changes involving 
the addition, and deletion of active neuronal . elements . The scheraa-of-the- 
moment ,^'sur^ives" Chese_ local ^changes thus maintaining its global? proper ties. 
Consider for example, a person waiting in an,airport for the arrival of a 
friend. As he waits, endogenous, exogenous, and emergent sources ' of 
(initiation of) functioning maintain continuity in space (he implicitly knows 
he is in the airport, in the town of . . . , the country of ^_" ^,__ancL so__on)- 
and fnytke (He knows it is about such and such hour in the afternoon of an 
extremely v cold winter day). He looks up and sees in the cold but clear sky a 
distant spot^.This rather impoverished external, stimulation activates visual 
elements consonant* with those already active, thus creating the idea that a 
plane is approaching. 'As the plane draws closer, there is more activity of 
specialized neurons in the auditory, visual, and other areas of the nervous . 
system (he now hears and sees the , plane clearly; he sees* it touch the ground; 
he is almost certain that his friend is going to come -out appropriately 
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dressed for the weather, and so on). The pas severs begin leaving the plane. 
He sees his friend and she sees him; and so forth. While all these are 
substantial changes and shifts in . functioning, the -overall schema-of-the- 
moment always maintains it s continuity and i ts, global properties. The gradual 
phenomenological changes are a result of merely local, changes in the schema- 
of-the-moraent. Some elements are added and some are deleted. 'However,- the 
global properties of the scheraa-of-the-moraent remain essentially unaffected by 
these local changes, res&ltlng in a continuous and unitary phenomenological 
experience. ' - 

Changes in global characteristics also occpr, as a function of the just- 
activated constellation. When j»uch (drama tic) changes occur, surviving" local 
constituents establish new functional relations and', consequently, assume a 
new significance relative to the new functional pattern with its unique global 
aspects. The following quotation frbra^cHugh (1968) illustrates the point: 

*^^ a J^^ killed in 

an airplane crash. Suppose the emergent Item is the "airplane ride, M in 

that it belongs tcrboth a later and an earlier system [schema-of-the- 

moment]. As the person is told that the x airplane is full because it is 

. r oversold, the "airplane ridfe"* assumes" the character of a missed 

appointment in seme other city ( exempli fying v the influence of the future 
» * 

on the present thwarted airplane ride). In the later system, after being 

. told of the crash, the significance of the ride changes, because the 

person Is now "lucky" to have escaped disaster." The meaning of the 

airplane .ride has changed, arid it is emergent because future programs 
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influence the depiction of the present, just as the actual events that 
occur in the future (now the present) make it necessary to reconstruct 
the/ past, in this case from disappointment to relief for the passenger, 
(pp. 25-26) • • 

This passage illustrates how the significance of local schema constituents 
(e.g., the* airplane ride) changes as a result of changes in global properties 
and vice versa. The result: constant emergence (creation) of (new or old) 
ideas and meanings . N % 

• Examples of dramatic global changes (reorganizations) are .also" abundant 
in literature.' In a short story by Thurmond (i 980), for instance, a nurse, 
Marilyn, leaves the hospital where she works after 'a late night shift. She- 
goes to a gas station for gas, and accepting the invitation of the attendant, 
Gabriel, she goes inside his office. As they go inside he' quickly locks the 
door and takes a ^ gun_ ou t^ of _a ^drawer. -The story leads strongly td'the 
expectation of rape 'or mugging. However, . the "story ends very „ differently. 
After recovery from her initial shock, she hears him say that he invited- her 
inside in order .to protect ,her because; while filling the tank, he had seen 
someone hiding "on the floor in the back'of her car^ Comprehension of such 
stories involves a more or less instantaneous- global- reorganization. One 
would expect such reorganizations to be prohibited to the extent that long- 
term pre-finctional associations 'connected schema constituents, and 
facilitated to the extent tha£ relations between elements were temporary and 
post-functional. For a psychobiological discussion of how such shifts of 
activation might: occur, see Arbib (1980). 
( . / 
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Remembering and ^Learning ~ — - ' ' 

According to the functional N view, remembering is a ..by-product of 
cognitive functioning. It is built into the properties of specialized 
neuronal elements and can be described only indirectly in terras of the 
initiation 4 of activation iri neuronal elements, for instance. The principles 
underlying remembering are essentially those which underlie other higher brain 
functions such as thinking. There is no need to postulate memory-specific 
mechanisms (e.g. , retrieval systems) or structures (see Jenkins, 1977). In 
other wor;ds, the functional view makes it* possible * to see through the. 
construct of "memory" and, once this is done, the components seem less* 
memory-like, in the traditional sense of the term. 

The type of problems facing different kinds of memory theories are 
'multifarious. The "storage" metaphor gives rise to severe problems of 
organization and "address" (Norman, 1980)', while the neural-wire theory runs 

into what Minsky calls the "crossbar" problem. Norman (1980) has brought such 

\ 

problems together ii^ the following paragraph: 

-Associations -among memory concepts . *. . simply - will not do. That 
implies much too much knowledge of the wire (or its biological 
equivalent) that is to snake its way among the already existing stuff 
. . . Alternatives . to wires ar.e not easy to find, tlje major candidate 
being numbered, labeled places . . . Then, the association between two 
memory structures is* done by giving each one the unique name of the 
other, trusting to the existence of some clever machinery that can get 
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from one\place to another if only it has this name. This problem— -I 'call 
it the "address problem" — is fundamental to* the organization of any large 
*' scale associative memory, (p. 22) * « 

In rejecting the notion of a .long-terra associative memory, the functional 
view seems to create a new problem; If mental structures and -relations are 
transient, how can peoplej^eraeraber anything? That this question appears, to % be 
so challenging seems to us to be a reflection of the deep-seatedness of the 
permanent-storage metaphor. However, we are not alone in calling such models 
into question. From time to time, others have also questioned the validity of 
traditional- memory metaphors.. For example, Bransford e£ al. (1977) write: 

It seems reasonable to suggest that current uses of the term memory 
frequently involve tacit or explicit assumptions not too different from 
those noted by Ebbinghaus [as unsuitable]: for example, that memory can 
be* broken down into a set of memories , that these consist of relatively 
independent traces that are stored in some location , that these traces 
must be sear ched for and retrieved in order to produce remembering, and 
that appropriate traces must be "contrasted" in order for past 
experiences to s have their effects on subsequent events. If memory i*s 
, defined in this wajr, it becomes necessary to consider the possibility 
that the concept of^emory (and memories.) is^ simply one of many general/ 
hypotheses about the processes underlying remembering.'.' (pp. 431-432) 



, ' . , i Cognition 
, 48 

Like Bartlett (1932), Bramfford et al. X1977) and Jenkins (1977). also:- 
provide genuine alternatives. In fact, Wte believe thev have essentially 
specified the major ingredients of a functional Wory of remembering . They 
have ' argued , that "memory performance is . . . nok simply a function 1 of local 
properties of individual, traces, but is. r?ther , a \unction of the .global\ 
characteristics of the set of acquisition experiencesXas a whole" (Bransford 
et al., 1977, p. .463). Similarly, Bartlett (1932) argued\that remembering is 
**built out, of our attitude towards a whdie -active mas\ of organized past 
reactions and experiences" (p. 213). / s > 

Since we have defined the global properties of the schema-of-rthe-moraent, 

we can characterize remembering as the, recreation of a schema-of-the-moment 

S 

with global, properties the same a$ those, of a previous schema-of-the-moment, 

j> * * 

but, .of course, with inevitable local differences. The coherent global 
totality maintains the continuity 'of the original experience, including its 
continuity in time, in space, and in personal experiences. Consider, for 

exampie, the following aimpls experiment from Bransford et al. % (1977): 

\ * 

I - m 
The experimenter approached a group of people in -a seminar and stated: 

"This is a recognition experiment, ,1 want you to, tell me whether you 
have heard these words before . . . That .is, neard them between 1:'00 and 
1:15 yesterday." And the ixperimentrer immediately began reading the 
words, (p. 441) 

The authors report that students violently objected to this procedure, a 
frequent complaint being "Wait a minute, I don't know where I was." What does 
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the recognition of the words used have to do wijh the' place they were used? 
If the subjects did manage to remember where they were at the time, would that 
improve their performance in recalling the words they used? It seems that for 
these subjects the experiential continuity between the plaqe, and the words 
usedWs a requirement iot proper recognition of tbe latfcer. 

How is th? global totality of past experiences recreated? According to 
* the functional theory, recreation of a past schema-of-the-raoraent occurs to the 

extent that prevailing sources of initiation of functioning manage to activate 

* >» 

the same constellations of uniquely' specialized neuronal elements as were 
active at the time of the initial creation. These were endogenous functioning 
(e.g., focussing: see the section on awareness below), exogenous sources 
'(^♦8»» probing, reminding), and^emergent sources (i.e., consonant and 
dissonant functional relations). 

Once the global schema^of-the-moment , is recreated, recall production 
would require IndividualizatioV (Bartlett, 1932), or unique differentiation 
(Bransford et^al., 1977) of ' the components of the schema-of-the-moment, 
According to Bartlett (1932)r .this is mediated by awareness. The system 
somehow manages to "'turn round upon itself." The global * aspect ' manages to 
affect the functioning of local components. We believe this is passible 
because awareness enables the system to get local component constellations of 
neuronal elements to function independently of the overall schema-of-the- 
moment. That awareness can influence -the activity of neuronal elements, has 
been postulated by Sperry (e.g., 1976). 
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I We must also-say something about what happens between the first creation 
of a s-chema-of-the-moment and* its subsequent recreation* This is especially 
important, because o£* the' nature of functional relations we postulated among 

neuronal elements. In other words, in the case of pragtnatic consonance, wftere 

* 

. the activation of one neuronal element can lead to the activation of one of 
♦ * * • - 

the several equally "consonant alternatives, th^global schema-of-the-moment 

cannot provide the basis for determining vhich of the v alternative components 

was actually active, a* titfe of 'initial • creations Given this* 

consideration* we are forced to speculate about what happens .to neuronal 

elements from one activation to another; especially, .since, We assume that a 

neuronal element can participate in^many combinations. It seems that the most 

parsimonious proposals is to assume (a) that an element can assume one of two 

possible functional orientations—an excitatory orientation or an inhiJ^Ltary 

orientation — and (b) that g given element can somehow preserve the orientation 

of its- most retent activation. - This would mean that if there *was an A-to-B 

activation-activation relation at the time of initial creation, the actual A- 

to-B relation at the time of recall would be the one - immediately -prior-'to 

recall activation* This would imply that in the case cf two pragmatically 

consonant elements or element constellations >\ a person would normally have no 

♦ * 
way of determining which of the equally consonant .alternatives was actually 

active, in the initial schema-of-the~moment. * * 

Why * would an element change orientation?. The dissonance between 
exogenous and endogenous functioning is one reason. Under the influence of a 
dissonant just-activated pattern^ & neuronal element may be forced to change 
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its orientation^ Shif.ts in orientation may simply change the functional 
relations within the same scheraa-of-the-moment. # An equally ^consonant element 
may replace previously active elements which now undergo ' inhibit ipn. 
Orientation Ganges may also result in dramatic shifts. Ordinarily* such 
shifts are only partial; there are always enough survivor elements to safe- 
.guard a "smooth" transition to the pdst-shif t scheraa-of-the-moment. Among the 
. ^survivors may be elements that are endogenously very resistant to change, like 
those involved. in the concepts of self, of space, or of time. However, at 
times (e.g. , during life-threatening circumstances) even these elements could 
change their orientations. When total shifts occur, a whole set of "neuronal 
elements, which of ten' maintain an excitatory orientation (if not a permanent 
functional state) to keep" the individual's personal 'history .alive, suddenly 
«,may reverse this orientation into an inhibitory' state. , The result would be 
retroactive amnesia. 7 \ * * . * j- ' ■ 

, It must be reiterated, tljat , functional orientation merely affects 
initiation of functioning. ( Therefore, while it does affect -remembering,- it 
cannot explain it. Remembering occurs as a consequence of the post-functional 
activity of uniquely specialized* ana distributed neuronal elements. It i$ 

this uniqueness quality that determines, in combination, the remembering (or 

' ' ' /* : ' . 

recreation) of ideas. In other words, changes in orientltion may be said 'to 

influence the "episodic" relation between neuronal, elements, a relation that 
may change from one episode to another. The permanent memorial .competence, on ' 
the other hand, would depend on the* unique functional properties of individual 
neuronal elements* 
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•»*' . I \ .•^'distinction .between changes- in functional orientation and the post- 
functional /.qualitative pro| e rtie's resposible for, the rer. .ti'on of mental 

, ; paj:terns^can. clarify the relative contribution* or synaptic interaction as 

'• •" V :.*' •* 1 • *. ' y 

■■■ compared to that of individual neurons as physically unitary and functionally, 

■ autonomous systems^ In other words, synaptic interaction way' be responsible 

•..«*••• • -v...= • • ' v o 

for change's- in* functional orientation while unique fuctional .characteristics 
i ?^ lvi ^ u ' al J -elements could account „f or * remembering itself . If rhis 
. -hypothesis were correct,, it wquld imply .that synaptic interaction must be 
^episodic 1ft character^ while not being uniquely tied to' the properties of 
particular; mental Structures, Evidence gathered, by Kandel and his colleagues 
.(see Kandel, 197^1980) suggests 'that this .may indeed, be^ the case. In what 
r ,' he . c ? lled nonassfeative learning, Kandel argued that the two antithetical 
mechanisms of habituation and sensitization are responsible for what might be 
^-j referred to as episodic changes in synaptic interaction. .Habituation seems to 
. ^ecrease the effectiveness 'of- synaptic interaction while sensitization seems 
^o increase it. Kandei (197.9) writes: . 

V- V-V -:AvV:i - - ' ' • 

— > Thus, it\ the$e simple instances, learning does nofc involve, a dramatic 

\ v** 0 1 ; >r -v" T 

\ Anatomic rearrang©a<*nt iW the , nervous system* No nerve cells or even 

synapses are .created or destroyed, ^ther^ learning of habituation and 

^sensitization changes the ^unctidnal ^ Effectiveness of previously 'existing 

^ chemical synaptic connections and, in these instanced /^does so simply by 
* i * •* . ** \- ^ * * * ** "\ 

modulating calcium- influx in .^he presynaptic terminals. Thus, a new 

. 'dimension fs introduced in thinking about the brain. TSese complex, 

pathways, which are genetically determined, appear, to be Interrupted not * 
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: ; by disease tut by experience, and they -can also be restored by 
., - experience. . : "•••.* - v ' > , 

-FinaHy* . the present account of remembering also has implications for the 
■ problem, of learning. As Bransford et al. 1(1 977) have noted, the currently 
.predominant * tacit assumptions (are], that learning necessarily results in 

* , - , 1 i * > -\ " y i x t - x 

.* " % * * - ■ 7 I ' ' . - * ' % 

fflemo^es, and that these stored memories are. responsible for mediating new, 
•jLnUr^t^n9.-tf|Lth # th.e wo*l<r (p.. 433). If learning is not the accumulation of 
; ^fy^i? .or.oore highly structured knowledge representations, then what 
Jls - : Ji«|^4^»u|^^n^t offer a rdetalled discussion, of this Aasue here, -the 
7f3in.c|ional ■\.%^r" indicates . that . ..learning must result in (a) neuron' 
'^ffifo^fe^fo (P) facilit y in simultaneous functioning of various, components 



r\^*r£**'> ^•S^?^^T^ e ^ n ? meh . t *** an< * (c) facility in independent functioning .of. 
V>W|S$" U ** , SSPP^nents of the schema-of-the-motfent. Thus, one outcome of 

I''ttlTP ! "J^M", , th * establishment of basic repertoires of specialized 
'-•V, - ' " ~. V • • • ' ' • ' ' ' . ' 

. neprb^arl eiojne^ts , in ' various -independent regions of the nervous 

^ S t *^" v ^ Ua V and s ° on. This type of learning is likely~to occur 

. during initial stages aPd may, occur slowly and incrementally. But having a 

•"--*;.* XV. % -v: i. . _ " • • 1 » ,* . . »- 
'^a.alc ..rep>rtoire -of specialized elements , does not by itself make up the 

difference Wweeq an expert and a novice, 'if the functional theory is 

correct, tbis. difference must' lie in the ability to use the components 

feletaenta ot constellations) of the schema-of-the-moment (a) in combination 

and thy independently. an expert can maintain a global pattern and at the 

same* time uc $. local, components of the schema-of-the-moment individually. The 

taafc of the functional theory, therefore, is, to specify the functional 
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conditions that lead to the establishment of basic repertoires of specialized 
neuronal i elements. It would also have to specify what functional conditions 
lead to facility in simultaneous functioning of ^various local regions Vand 
* independent functioning of element constellations in a particular region. 

Awareness and Affect 

A crucial aspect of cognition is the phenomenon of awareness. The 

f > ■ - 

functional approach allows an explicit account of it^ It was stated earlier 
that the neuronal system consists of _ _an„:.unspecified - number of uniquely 
specialized neuronal elements. One cornerstone of such specialization was the 
-assumption that a unique feeling pf awareness would result from the 
-functioning^ -of- each uniquely specialized neuronal element. In other words, a 
particular neuronal element when, inaction, can generate a unique "fedling of, 
knowing," that the given element is in a state of functioning. This is, as it. 

a. * » 

were, the element's way of announcing,, to the global system, that "I'm doing 
something." Note that this claim does not presuppose a horaunculus to 
"perceive" the feeling of knowing and to Identify it as such. It simply 
indicates that the active neuronal element generates a characteristic feeling 
which, in combination with the feelings associated with other functioning 
elements, creates the unitary awareness of the moment. 

The characteristic feeling of knowing associated wfth a neuronal element 
would be generated only if and when that element functioned singly, i.e., 
independently of any other relevant neuronal element. But presumably this 
never happens. Rkther, neuronal elements function in unison (e.g., as part of 
the schema-of-the-moraent)« To the extent that they do this, they generate 
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nonspecific unitary patterns of awareness, patterns unlike those which would 
accompany independent functioning of individual components. As the number of 
functioning .elements increases, the^ resulting * unitary awareness* pattern 
becomes more and 'more nonspecific, i.e.,. different from the awareness ) of 
"individual components. Once again, the light constellation analogy may be 
helpful*. When alight "with a unique color is on alone, it generates precisely 
its characteristic - pattern of light. Wiien there is a second light with a 

x* 

different color, a. third! unitary light pattern Is generated, different ~ from 
that generated by either ,of the two individual units alone. However, the 
characteristic color of 'individual light patterns is more evident (or 
explicit) in a two-unit light constellation . than, say, in a .hundred-unit 
constellation. ^Similarly, as the extent of neuronal functioning increases the^ 
pattern becomes more diffuse (nonspecific) 'and awareness of individual 
components becomes more implicit. " . 

s 

One important consequence of this view of Awareness is that it provides a 

way of conceptualizing tacit knowing (rolanyi, 1958). -We may know something 

' ... 
and constantly use it, but unless we localize or individualize it we may never 

become explicitly aware of it.' Thi"s naturally leads us> to consider a 
complementary function, namely ? that involved in individualization (i.e., 
independent usage) of. the components of the schema-of-the-moment. 

According to Bartiett (1932), "localizatio^of schema constituents is an 
essential aspect of cognitive functioning and it must happen even to refined 
levels of differentiation' though not normally to the level of- atomic neuronal 
elements: 4 - \ 

\ 



\ 
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If any marked further advance is to be achieved, man music learn *Tk>w to 
resolve the 'scheme' Into elements, . and how to transcend the original 
order of occurrence of these elements. This he does, for he ' learns how 
£ to utilize the constituents of his own 'schemes,' instead of being 
determined to action by the 'schemes' themselves, functioning as imbroken 
units. He finds out how to "turn round upon his own schemata," as I have 

said--a reaction literally rendered possible by cons^^^ness^—and the 

one which gives to consciousness its pre-eminent; function. (Bartlett, 
1932, p. 301) , ' 

But if individual (Components seldom function singly, and if a component 

* * 
must function independently for its characteristic feeling. of knowing to be 

experienced, how ii explicit awareness of individual components possible? How 

can a 'component be part of the schema-of-the-raoraent and function independently 

of it at ttje same time? One, and perhaps the only possibility is that there 

occurs some change^] in the functioning of a component. Explicit awareness of a 

single component'is experienced when the latter undergoes a- change in relation 

to the global schema-of-the-raoment; since this is how a component can function 

independently of the global functioning 'system,, whil maintaining its 

continuity with it^^This happens when there are increments or decrements in 

the level of activation of individual components (neural constellations) 

relative to the global level of activation of the scheraa-o£-the-raoment. In 

this way, a functional view of cognition attempts to explain both explicit 

awareness and attention at the same. time". The individual becomes explicitly 

aware of a schema component when there occurs an independent change in that 
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component. As this change occurs, the* component becomes the focal/cente'r of 
the system, assuming ijt is the only one which is undergoing change. In other 
words," the individual attends to the component* Independent functioning, 
explicit awareness, and attention become three aspects of the same phenomenon. 
This can be the case, whether the source of the change is endogenous or 
exogenous* • 

„ __An- exarapie-of failure of an element to function independently is provided 
by -the tip-of-the-tohgiie pfienoraenon. We believe this happens because, while a 
person is implicitly aware of a component, that component does not function 
independently and, consequently, it cannot be made explicit* A second example 
of independent functioning of a schema component was iirst noted by William 
James ( 1 890)-:— the-^phenom^m^Ai^F fl ufr n n y r» "h ea^-fc h e ticki n g of o u r clock 



only after it stops* Presumably, before- t^. clock stops, there is ' an 
activation-activation irrelevant relationship in* the schema-of-the-momeri£ 
9 between neuronal elements involved in the perception of (a ticking) clock and 
the ■ rest of tlje schema-of-the-moraent. We 'cannot hear the cloclc because the 
auditory elements responsible for the" perception of the sound are not 
functioning^ independently. However, cessation of stimulation at the time the 
clock stops, causes the activation-activation relationship to change suddenly 
"to an activation-inhibition relationship. , Consequently, this independent 
functioning makes our awareness of the functioning of the neuronal elements 
involved explicit* * . . , > 

• The functional view of » awareness also suggests an alternative account of 
affect and its relation to cognition. While froni time to time, many 
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influential psychologists have" emphasized the prominent role of affect in 

-organisraic functioning (Barile$t/ 1932; Beriyne, , 1971, - 1973} Huey, T:908; 

Wimdt, 1874, 1907), current structural and information processing theories of 

cognition • and comprehension have either found it difficult to incorporate or 

'have simply ignored it (Zajonc, 1980). Empirically, this absence of a sound 

theory of affect y has led to a great number of unrelated experiments resulting 

in often inconclusive and contradictory data (Athey, 1976). 

Perhaps the most' immediate problem * facing a^ theory 6f affect is to 
» * • 

provide a plausible account of $he nature of arousal and affective valence. 

♦ 

The functional view defines valerice in terras of the awareness associated with 

the activity of uniquely specialized neuronal elements. We are led, 

therefore, to assume that the totaUty-of ail -ifeuronal elements may -divide 

, ^ v ^ 

into three^ broad categories: * those , generating^ a negative valence, thosF 

generating a positive valence, and those generating a neutral valence. This 

'would imply that the causal lodi of the affective valence in the schema-of- 

o 

# the-moment are the participating neuronal elements* According to this view, 

the functioning of a given constellation of ^neuronal € elements has two 

independent aspects: A domain-specific valence aspect and a domain- 
's r • 
independent activity aspect (arousal?). 'While ~ the former depends on the 

awareness of the particular constellation, which varies £rora one constellation 

to another, the latter has to do with the very, aet of functioning itself, 

which remains the same from one constellation to another. 

This' distributed account of affective functioning may be contrasted with 

< ♦ 
*the view that affective variables such as, hedonic tone, preference, and 

v. 
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intetestihgness are a function jof the amount of activity^ in some unitary 
ai^ usal r- system (Berl yne; 1960,-1973, Hebb, 1955 )v Opt^raal-leWl arousal 
/^theories essentially assume that moderate increments in arousal are 
pleasurable and increments- beyond some optical amount are aversive. While 
many 'authors have challenged the notion of an optiraal-lqvel function (e.g., 
Arkes & Garske, i973), p there exists no empirical evidence^ contradicting it'. 
Arkes and Garske have pointed out that "the problem is simply that an 
inverted-U relation allows* so many possible curves that the theory .is 
difficult to, disprove" (p. 164)* The fact that the inverted-U function has 
.drattn the attention of so many researchers in spite of the severe problems 
associated with it s^iggesw that the problem may also have to dc with the 
absence of an alternative p view to conceptualize the .relationship between- 
arouml and affect-iv e varlabbl e s -. — fo-ar^e^en^-ttem onotration e xpcr - iTO eivfc Ir-an^_ 



Nejad and Ortoriy (Note V) explored the utility of a framework which seems to 
make it possible 'to test the inverted-U function* They reasoned that if* the 
optimal-level hypothesis is correct, then a given level of arousal should 

always be either pleasant or unpleasant, r but could not, be both. They 

** * z * * 

.therefore attempted to show that under different conditions the same level of 

* » , 1 » 

arousal can be both pleasant and unpleasant*. * Following the- -notion of the 
independence of aroiksal and valence, the. study involved separate manipulations 
of these variables. The degree of arousal was manipulated -by varying the 



decree of unexpectedness of story endings and valence was manipulated by 
varying story endihgs so as to invoke positive ,br negative feelings. It was 
found that endings receiving identical (Extreme) unexpectedness ratings were 
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rated at opposite ends on an (un)pleanantness 1 scale depending on the valence 
invoked „by_the_ events in the story* Thus, it was shown that a given, level of 
arousal can be' compatible with. both positive and negative affect, a finding 
^ that is difficult to accommodate within the f ramewprkr^f^optiTnal-leveirarousal 
theories ♦ * « 

. * General Summary 

.This paper has tried to draw an alternative picture of cognition and 
comprehension. Smarting with only one physically unitary and functionally 
autonomous construct, namely, the neuronal element, we .have tried to show that 
cognition^ may before readily conceptualized , as a functional phenomenon. Our 
account is built around a central psychological construct, the scheraa-of-the^ 

v 0 

tapment, that is explained in terms of the functioning of neuronal elements. 

Tlgure 1 illustrates the major ^VcausalTrelations characterizing Vyk two- 
way interface between mental experiences* and the functioning of the nervous 

V * *» 

'< / 

Insert Figure 1 about here " 

»» * * ; • - . • 

y , — , _ — _ «. „ 

syste , m ^ Changes in the activity of distributed neuronal elements serve as the 
causal basis for mental experiences of awareness and .attention- Mental 
expediences, Sn turn, are .assumed to have a causal effect on the activity of 
neuronal elements. * The central^ells in*the model are' those of independent 
and simultaneous functioning. The totality of active neuronal elements^ tead 
to function in concert to the extent that they are consonant* Furthermore, 
subgroups of neuronal elements may of unction independently of the background 
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functioning in the scheraa-of-the-moraent. Such simultaneous and independent 

functioning are direct causal determinants of the experiences of awareness and 
* t \ * 

attention. 

\ * 
Even though they arise frop the same causal origin, awareness and 
attention themselves serve as \ the causal basis for m different ' mental 
judgements. Attention is assumed to be the ba?is for the subjective judgment 
* of interestingness^ while awareness «eems . to give\ise to the judgment of 
valence and to judgments concerning the particular content (or meaning) of the 
functioning constellation. In other words, while attention seems to vary only 
with the degree of activity in a constellation and remains constant otherwise, 
awareness seems to vary from one constellation to. another, depending on the 
spefcific properties of the functioning constellation. 

the totality of active npnrrmal pi ^mant^m***-* — a— ,trans±ent— fu n ctional r 

organization called the schema-of-the-moment. Simultaneous functioning in 
terms of the schema-of-the-moment is thwarted to the extent, that there are 
active dissonant o* irrelevant elements in it> and to' the extent that elements 
that must enter the chain ojf combination are still" inactive. These factors 

provide the- causal" T>asis for- such subjective judgments as consistency, 
% 

inconsistency, suspense, curiosity, expectation, completeness, coherence, and 
so on. * 

•Throughout this paper, we have tried to specify the functional properties 
of the nervous . system ' that determine the causal paths leading from the 
activity of?*neurdnal elements to mental experiences and judgments. \ However, 
the present account is rather vague about the functional properties that 
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determine the causal influence -of mental states on the functioning of neuronal 
elements. We have assumed that thescteraa-of-the-nnoraent, via the notion of 
tuning , affects the functioning of elementsT^As^ Figure 1 " shows, thik" is X 
accomplished by the causal influence on, inactive elements of whatsis already 
active. In other words, active, components of the scheraa-of-the-moraent must be 
^utilized as a source of initiation, of functioning in inactive elements. This 
is possible because if a component of the schema-pf-the-moraent functions 
independently, it generates a characteristic energy pattern that can serve as 
a sufficient condition for activating other elements. 

Two type3 of relational vehicles were hypothesized to provide the basis 
for V" the functioning of distributed neuronal eieraentst A -specific, element- 
to-element mechanism, * and a nonspecific, "all-spreading" relational 
environments © ihe relations r^nong neuronal elements are consonance, 
dissonance, or irrelevance." Consonant . relations are purely functional, 
logical, or ptagmatic.;. .Dissonant relations are either resolvable or -non- 
resolvable. ^ ^ 

Unlike traditional views, the present, account, considers affective 
functioning t6 be no. different from cognitive .functioning. There is explicit 
or implicit awareness of the functioning of (positive, negative, or neutral) , 
element constellations, depending on whether or not there are independent 
changes in the level of activation of ' these constellations. Affective 
functioning often takes place to the "extent that pre-existing connections are 
unavailable and /to the extent that initiation of functioning must depend on 
external sources. 
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Learning occurs when neuronal elements get specialized, when elements or 
element- constellations are used in new combinations, and * when schema 
constituents are individualized, i.e., come to be used independently. 

Finally,, a word about the empirical cpnsequences of the {functional view: 

Because the functional view, as* outlined in this paper, is iritended to provide 

a coherent global perspective on qognition, we have made no j effort, to make 

specific empirical predictions*" Such' predictions require more detailed 

hypotheses concerning particula^aspects of mental functioning. Nevertheless, 

we think that, apart f^om offering an account of cognltiotf in terms of 

relatively, concrete constructs, the functional view- has oxfe Other attractive 

* ~~ j£ ~ " \' ' 

feature. It offers the promise of a rapprochraent among areas of the cognitive 

. v 
sciences that traditionally hav^ been not .very closely related. 
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There is a striking parallel between the approach taken . by the Roman 
physiologist Galen _ (c.AJ)* 130-201) and current information processing 
psychology. Galen was concerned with how inanimate matter, as the input to 
the body via foodstuff, is transformed^ animate matter. Internal* organs 
(e.g. , the heart, the liver, the lungs X were considered relevant to the extent 
that they helped carry out such transformations. In Galen's physiology , t as in 
information* processing psychology "the most notable feature of the system is 
the emphasis on manufacture and transformation. . . processes which convert 

<r v 

. . . substances" (Miller, 1978, p. 187). Information processing psychology 
takes the input-transforaarion-output metaphor for granted. How do we 
know — what evidence is there—that there exists some sort of permanent 
cognitive substance and that the brain dcfe^ actually perform transformations 
on it? And if there is no permanent object-like entity, what does the 

me taphor meirnV " : ; " : 

» 2 

It is perhaps this required dependence of the terra fupctjon on an actual 

functioning system which renders it unpalatable to some structuralists. For 

* * * 

instance, in thf; opening paragraph of a secrion entitled Structure and 
Function Piagec (1970) . states that / "there are thinkers who dislike 'the 
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subject^' and if this subject is characterized in terras of its 'Lived 
experience' we admit, to being among them" (p. 68). Viewed in the light of the 
structuralist's ultimate goal, the dislike for the actual subject ^becomes 
clear. Th$ structuralist hopes to characterize ali possible knowledge 
structures at some genetal level, structures which are not likely to exist in 
totality in any individual organism. Consequently,* structuralism is forced to 
call "for a differentiation between the individual subject , who does riot enter 
at all, and the epistemic subject, that cognitive nucleus which is common to 
all subjects at the same level" (Piaget, 1970, p. 139). Structuralists must 
create the epistemic subject because they assume that it is the structural 
knowledge patterns which constitute the common denominators_7the cognitive 

'nucleus) that the scientist must try to characterise. - * 

* 3 

The notion of structural preformation has been carried to the extreme in 
ChoraskyJ^ modular approach to human mental capacities. According to Chomsky 
(e«g!>. 1980, 1981), there exist innately programmed "mental organs" m for such 
human capacities as comprehending a language l or doing mathematics in much the 
same way as there are bodily organs like the liver, the heart, or even the 
arm. Chomsky's m^jor response to those who object to' his strict nativisra is 
that critics have not* presented a clearer alternative. We believe the 



functional approach does provide 3 clear alternative: Innate structures may 
only exist at the biological and not at the mental level: For instance, the 
nervous system may contain highly specialized innate neuronal elements (e.g., 
sensory receptor cells), grossly specialized innate components (e.g., visual, 
auditory, motor, etc., cortexes), as well as multi-purpose highly adaptd^ve 
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compdnents. More finely articulated specialization can then come with 

■v 

development and learning* * An organism with 'such innate endowment could also 

• • - * 

** * * 

function "in a rich and complex world of understanding shared frith others* 

similarly endowed, extending far beyond 'limited and varying experience" 

(Chomsky, 1980, P; 4),' qualities that lead Chomsky to hypothesize innate 

. mental organs. According to the functional Approach, complex capacities such 

as language comprehension do not depend on any unified knowledge organs, 

innate ov acquired* Rather, mental capacities 'are distributed across diverse 

biological^ structures, neiiroanatomic and otherwise. The fact that human 

beings have a highly complex language and other apjmals do not—if this turns 

out to be indeed the case — can be attributed/ for instance, to such. 

differences as the shape of their mouths and vScal organs . (which are ' 

incidentally used In eating, coughing, 'singing, etc,) as well as to the 

presence or absence of multi-Rurpose adaptive component^. What one need not 

. hypothesize is innate knowledge structures , Bio3ogical modulation*, as opposed 

* * * 

to mental modulation, can account- for both universal similarity and diversity 

in orgariismic .species. • 

* * * , ■ * » • , 

4* ' 

? Recognition has at least two aspects: ^-experiencing a -past" 

experience, and realizing that the experience has occurred in the past— that 
it is not a novel experience. We believe both of these aspects' should and can 

< 

be specified in terms 6t the 'functioning ^fTielironal elements ratKer than in 

terms of cognitive associations. g% 
5 

Dissonant conditions may be resolvable or nbnTresolyable and resolvable 
dissonance may lead ^ to precedented or to unprecedented functional 



. Cognition , 

77 

organizations. Specification of these concepts would "require a more detailed- 
analysis . ,of the functional relations than is necessary or appropriate in the 

9 

present contexts # 
6 

How does the Interaction among endogenous, exogenous, . and emergent 

• « • 

sources of initiation differ from such traditional cqncepts as accommodation 
and assimilation? As it is commonly deiined, accommodation, for" example, 
refers to gradual developmental changes in knowledge structures. It '"displays 
itself in exploration, questioning, trial and error, making experiments or by 
reflection" (Beard, 1969, p. 19). Even if we extend this concept to include 
functional changes, it can only meaningfully describe incremental changes in 
the structure of the same scheraa-of-the-moment . It is nor clear how Piagetian 
structural theory' caii, explain dramatic shifts of activation which seem to 
occur automatically under the influence of exogenous sources. As we mentioned 
earlier, there are two aspects, to the interaction between endogenous and 
exogenous functioning. First, there* is. the interaction between local and 
global aspects of the same schema-of-the-moment;. The just-activated 
constellation is either consonant, fully or in part, with the global 
functioning system or it is dissonant with some local elements only* It' does 
not disrupt the global functioning pattern. The scheraa-of-the-moment may 
accommodate and the inconsistency is resolved. The- second, possibility- is that 
functional dissonance disrupts the global post-functional relations; the 
latter temporarily "decomposes" so the elements are .free to participate in a 
new schema-of- ^-moment. This functional condition sets the stage for a%* 
global reorganisation. It is this requirement of "decomposition" ,tha*t 
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necessitates the involvement of transient functional relations, as opposed to 
the long-term changes implied by the concept of accommodation. In short, 
accomodation refers^to gradual structural changes. % ^Dramatic functional 

reorganizations, on the other hand, can, in- : principle, lead, often 

» • ? 

automatically, to new functional organizations with new global properties 

rather thg^j^to accommodated* versions of an.eatlier schema., 

• 7 ' ' \ * . ' ' . 

We* are indebted to Richard Vpndruska for bringing this point Co our 

attention. 
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Figure Caption 



1. Simplified Diagram of the Principle Causal Relations in the 
Model of Cognition \ 
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